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This tutorial is about DBMS implementation, and
serializable transactions. Specifically, this experiment
looks at whether the extensive use of shareable data
structures with a full-featured relational DBMS
implementation is feasible. Experiments reported to
previous DBKDA conferences seemed to indicate that
such a path was possible, but it was not clear how
practical it would be.
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This tfutorial aims

» To consider usability of methods that help
enforce strict ACID for DBMS

» Some new ideas

» Proof of concept af least

» Our viewpoint: full isolation requires truly
serializable fransactions

» All the textbooks say it's important
» But then start making excuses

» Pyrrho v7 is our second experiment
4

In this tutorial we will consider some methods that help
to enforce strict atomicity, consistency, isolation and
durability for database management systems. There are
some new ideas and the Pyrrho experiment brings proof
of concept.

Our starting point is that full isolation requires truly
serializable transactions.

All database textbooks begin by saying how important
serializability and isolation are, but very quickly settle for
something much less. This is really our second



experiment on using shareability.



RDBMS Implementation 1

» If we agree that ACID transactions are good

» We should not start to write anything until commit
and then write the whole transaction at once

» We should guarantee consistency by validating
every commit against the current database

» We should enforce actual isolation by not
allowing any user to see transactions in progress

» We should enforce durability by using durable
media (preferably write-once append storage)
» These should be prioritised above speed

and replication
5

If we agree that ACID transactions are good, then:

First, for atomicity and durability we should not write
anything durable until (a) we are sure we wish to commit
and (b) we are ready to write the whole transaction.

Second: before we write anything durable, we should
validate our commit against the current database.

Third, for isolation, we should not allow any user to see
transactions that have not yet been committed.

Fourth, for durability, we should use durable media —
preferably write-once append storage.



RDBMS Implementation 2

» Good isolation should mean the transaction
log should show non-overlapping txs

» Can reorder them if there is no conflict
» Then it might be enough to use append

storage for the database file
» And do the reordering as we gol!
» But distributed transactions are a problem
» At most 1 remote participant in a transaction
» Or we get the 2-army problem

» Every piece of data has a “fransaction master”

From the last slide, it seems clear that a database should
record its durable transactions in a non-overlapping
manner.

If transactions in progress overlap in time, they cannot
both commit if they conflict: and if they don’t conflict, it
does not matter which one is recorded first. The simplest
order for writing is that of the transaction commit.

If we are writing some changes that we prepared earlier,
the validation step must ensure that it depends on
nothing that has changed in the meantime, so that our
change can seem to date from the time it was



committed rather than first considered. Effectively we
need to reorder overlapping transactions as we commit
them.

These few rules guarantee actual serialization of
transactions for a single transaction log (sometimes
called a single transaction master). It obviously does not
matter where the transactions are coming from.

But if a transaction is trying to commit changes to more
than one transaction log, things are very difficult. If
messages between autonomous actors can get lost, then
inconsistencies are inevitable. One-way dependency can
be implemented with a single remote participant.



Demo 1: Transaction Log

In this demonstration, we will see how every Transaction T
consists of a set of elementary operations e, e,... . €, .

Each operation corresponds to a Physical object written to
the transaction log

Committing this fransaction applies the sequence fo the
Datfabase D. Inreverse mathematical notation

DT = (.((D)ej)e,)..Je,

D T D e € .. e,

Every Database D is the result of applying a sequence of
fransactions to the empty _system Dafabase D,

Do B

The sequence of transactions and their operations is recorded
in the log.

Our first demonstration is about the transaction log. The
transaction log defines the contents of the database.

If we think of a transaction commit as comprising a set
of elementary operations e, then the transaction log is
best implemented as a serialization of these events to
the append storage. We can think of these serialized
packets as objects in the physical database. In an object-
oriented programming language, we naturally have a
class of such objects, and we call this class Physical.

So, at the commit point of a transaction, we have a list of
these objects, and the commit has two effects (a)



appending them to the storage, (b) modifying the
database so that other users can see.

We can think of each of these elementary operations as
a transformation on the database, to be applied in the
order they are written to the database (so the ordering
within each transaction is preserved). And the
transaction itself is the resulting transformation of the
database.

Any state of the database is thus the result of the entire
seqguence of committed transactions, starting from a
known initial database state corresponding to an empty
database.



B Command Prompt

C:\PyrrhoDB7@\Pyrrho>

C:\PyrrhoDB70\Pyrrho>

Let’s start with a command window, set to whatever folder the distribution is in.
Don’t worry if yours is different.

The Pyrrho distribution folder contains the server and command line processor
executable files, and the PyrrhoLink dll. (You can copy these files to anywhere
convenient.)

This command window will be for the server.



v 4 |l « Syste.. > DAJ

= Pic™ Name

Vid
This folder is empty.

Let us agree on a folder for the database files. Create a new folder \DATA. To save
space, as here, you can overlap the windows a bit.



[C: \PyrrhoDB7@\Pyrrho>
v IT\. <«

=| Pic™ Name
B vid

- Sys
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B Command Prompt
Z:\PyrrhoDB7@\Pyrrho>

C:\PyrrhoDB70\Pyrrho>

Before we start the server, let’s add a command window for the client, also with the
same folder. We will see it is better to make it wider than normal.
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EX Command Prompt
C:\PyrrhoDB70\Pyrrho>PyrrhoSvr -d:\DATA_

PyrrhoSvr -d:\DATA

:\PyrrhoDB7@\Pyrrho>

The Pyrrho server is called PyrrhoSvr, and it runs in an
ordinary account with no special privileges. You can copy
it to anywhere convenient.

It is easiest just to use it in a command window. When
we specify the server, we can provide a folder for it to
store database files in.
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E¥ Command Prompt - PyrrhoSvr -d\DATA
C:\PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA

[N
start up

2:\PyrrhoDB7@\Pyrrho>

When prompted, we verify that the options specified are
the ones we want, and click Enter.

12



Bl Command Prompt - PyrrhoSvr -d:\DATA

ne
i =
- ‘Database folder \DATA\ : : 1 : 5433

:\PyrrhoDB7@\Pyrrho>

You then need to leave the command window open (but
of course you can minimise it). It can be useful for
diagnostic information if something goes wrong.

On startup, Pyrrho checks that it can access the specified
folder, but places nothing in it. Databases are created by
users, and the transaction log will be stored by the
server on disk, usually in this default folder. It also
announces its TCP/IP request port.

13



C:\PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA
Bl -d:\DATA Enter to start u
Pyrrho DBMS (c) 2021 Malc

PyrrhoDBMS protocol on ::1:5433
Database folder \DATA\

& Command Prompt
:\P)-'rrhuDB76'\Pyrrho>Pyrrhotﬂd ab

PyrrhoCmd ab

The simplest way to get Pyrrho to do work for you is to
connect to it using the command line processor
PyrrhoCmd, and when you do that you can specify the
database you are connecting to. It can be a new
database, as here.

14



IC: \PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA

All-d:\DATA Enter to start up
Pyrrho DBMS (c¢) 2021 Malcolm Crowe and University of the West of Scotland
7.8 alpha (11 May 2021) www.pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on ::1:5433
[ﬁtabase folder \DATA\

EX Command Prompt - PyrrtheCmd ab

:\PyrrhoDB7@\Pyrrho>PyrrhoCmd ab
QL>

SQL>

And when you give the command, the server
immediately creates an empty database in the database
folder.

This is a transaction log, and at the moment it contains
just 5 bytes, and its opened exclusively by the server, so
that we can’t look at it unless the server is stopped.

15



C:\PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA

Pyrrho DBMS (c) 2821 Malc rowe and University of the West of Scotland
Name 7.8 alpha (11 May 2821) w pyrrhodb.com https://pyrrhodb.uws.ac.uk

PyrrhoDBMS protocol on ::1:5433

Database folder \DATA\

We can examine the contents of the transaction log with
the table “LogS” statement. Log$ is one of many system
tables for inspecting server internals from SQL. It is
empty at the moment.

16



C: \PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA
Al-d:\DATA Enter to start up
Pyrrho DBMS (c) 2621 Malcolm Crowe and University of the West of Scotland
4 7.8 alpha (11 May 2021) w pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on :: 433
Database folder \DATA\

Let’s make a base table in the database ab, by giving a
CREATE TABLE command, and this is the normal syntax in
the SQL standard, but Pyrrho has it own ideas about
primitive types. So CHAR, for example, is an unbounded
character string, and INT is actually a “bigint” —it’s up to
2000 bits

17



C: \PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA

-d:\DATA Enter to start up

Pyrrho DBMS (c) 1 Malcolm Crowe and University of the West of Scotland
7.@ alpha (11 May 2021) www.pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on ::1:54

Database folder \DATA\

:\PyrrhoDB7@\Pyrrho>PyrrhoCmd ab

QL> table "Log$"

JL> create table author(id int primary Kék, aname char)

table author

So, we have created the table, but let’s look at it: of
course it will be empty.

18



C:\PyrrhoDB70\Pyrrho>PyrrhoSvr -d:\DATA
Bl-d:\DATA Enter to start up
Pyrrho DBMS (c) 2021 Malcolm Crowe and University of the West of Scotland
- 7.0 alpha (11 May 2021) www.pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on ::1:5433
Database folder \DATA\

SQL> create table author(id int primary key, aname char)
5QL> table author

5 e |
| ID| ANAME |

table "Log$"

SQL> table "Log$"

R ittt P L L LA L L L L LL SRR Y R ASS TR AR SR Ae R |
| Pos | Desc yp |Affects|
| |

|5 |PTransaction for 4 Role=-582 User=-501 Time=12/05/2021 ©9:17:34|PTransaction|5 23
|23 |PTable AUTHOR |PTable |23 !
|34 |Domain INTEGER | PDomain |34 34
|48 |PColumn3 ID for 23(8)[34] | PColumn3 |48 »
|76 |PIndex AUTHOR on 23(48) PrimaryKey |PIndex |70 48
|91 |Domain CHAR | PDomain |91 )
|1@4|PColumn3 ANAME for 23(1)[91] | PColumn3 104
|-=-1| | |

Let’s examine how this has been represented in the
transaction log. We can see that there are 7 objects in
the transaction log, all wrapped in a single transaction.
The AUTHOR table is mentioned, and the domains of the
two columns, and the two column names, and the
primary key as defined in the create table request, is
defined there along with its key.

You will notice that the file positions that are here (these
are actual byte positions in the file) are used as unique
identifiers for objects in the database. Pyrrho uses them
throughout: names can be changed but the file position

19



of the definition can’t. So here the table AUTHOR is
referred to as 23, the domain INTEGER is 34, ID is 48, and
that becomes the primary key, and so on. The numbers
in brackets give the ordering of the columns in the table.
The log shows the identity of the user who made the
changes, and the role they were using, but in this
database, no users have been defined yet, so these are
system defaults.

19



IC: \PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA
T~ -d:\DATA Enter to start up
Pyrrho DBMS (c) 21 Malcolm Crowe and University of the West of Scotland
7.9 alpha (11 May 2021) www.pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on ::1:54
B vid Database folder \DATA\
ab

=] Pic ® MName
= Sy

BN Command Prompt - PyrthoCmd ab

|PTransaction for 4 Role=-582 User=-5@1 Time=12/85/2021 ©9:17:34|PTransaction|5 |

|23 |PTable AUTHOR |PTable |23 |
|34 |Domain INTEGER |PDomain |34 |
|48 |PColumn3 ID for 23(@)[34] |PColumn3 |a8 |
| 7@ !PIndex AUTHOR on 23(48) PrimaryKey !F'Imdex | 7@ I
|

|

|91 . N . 1
Imelnsert into author values(1, 'Dickens'), (2, 'Conrad') 2

RN . .- -
insert into author v o »(2,'Conrad")

2 records affected in ab

5QL> table author 2 records affected in ab

table author

|1 |Dickens|
|2 |Conrad |

Let’s create a couple of authors in this AUTHOR table.
We can do this in a single INSERT statement. And then
we display the table.

20



C:\PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA

-d:\DATA Enter to start up

Pyrrho DBMS (c) 2021 Malcolm Crowe and University of the West of Scotland
7.0 alpha (11 May 2021) www.pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on 5433

Database folder \DATA\

Name

] ab

|1 |Dickens|

|2 |Conrad |
-=lroeone |

5QL> table "Log$"
|

|
|Affects|
o b |
|PTransaction for 4 Role i 34|PTransaction|5 |
|PTable AUTHOR [I4E T [PE] |
|Domain INTEGER | PDomain |34 |

|48 |PColumn3 ID for 23(@)[34] |PColumn3 |48 |
|7@ |PIndex AUTHOR on 23(48) PrimaryKey |PIndex |70 |
|91 |Domain CHAR | Domain |
|14 |PColumn3 ANAME for 23(1)[91] S— |
|

|

|

|13@|PTransaction for 2 Role=-502 User=-5| 148 1 D Ckens

|148|Record 148[23]: 48=

I17’IRecor‘d 173[23] 173 2’ Conr\ad

In the transaction log we see that the auto-committed transaction has both records.



C: \PyrrhoDB7@\Pyrrho>Pyrrho
-d:\DATA Enter to start up
Pyrrho DBMS (c) 2021 Malcolm Crowe and Uniwvi
7.8 alpha (11 May 2821) www.p:
IPyrrhoDBMS protocol on ::

ﬂ Vid T ab Database folder \DATA\

&= Pic™ MName

e Sy

aa Ne
E¥ Command Prompt - PyrrhoCmd ab
|76 |PIndex AUTHOR on
|91 |Domain CHAR

| 184 | PColumn3 ANAME for 23(1)[91]
|13@|PTransaction for 2 Role=-582 User=-581 Tim

We can update, and delete.

rhodb.com https

L3

f the West of Scotland
rrhodb.uws.ac.uk

|PColumn3
|PIndex
|PDomain
|PColumn3

22



C: \PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA

-d:\DATA Enter to start up

Pyrrho DBMS (c) 2021 Malcolm Crowe and University of the West of Scotland
7.0 alpha (11 May 2021) www.pyrrhodb.com https://pyrrhodb.uws.ac.uk
PyrrhoDBMS protocol on ::1:5433

Database folder \DATA\

=) Pic A Name

Vid ab

|PTransaction for 4 Role=-582 User=-501 Time=12/05/2021 ©9:17:34|PTransaction|5 |
|PTable AUTHOR |PTable |23 |
|Domain INTEGER | PDomain (EZ |
|PColumn3 ID for 23(@)[34] |PColumn3 |48 |
|PIndex AUTHOR on 23(48) PrimaryKey |PIndex |70 |
|Domain CHAR | PDomain |91 |
| 184 |PColumn3 ANAME for 23(1)[91] |PColumn3 |104 |
|138|PTransaction for 2 Role=-502 User=-501 Time=12/05/2021 ©9:18:18|PTransaction|130 |
|148|Record 148[23]: 48=1,104=Dickens |Record |148 |
|173|Record 173[23]: 48=2,104=Conrad |Record 1173 |
197 |PTransaction for 1 Role=-502 User=-501 Time=12/65/2021 ©9:18:58|PTransaction|197 |
| 215 |Update 148[23]): 48=1,104=Dickens, Charles Prev:148 |Update |148 |
| 255|PTransaction for 1 Role=-502 User=-501 Time=12/05/2021 ©9:19:80|PTransaction|255 |
|Deletel |

|

Finally let’s see the update and delete in the Log.
This completes the demonstration showing the use of the transaction log and the
transaction markers.



RDBMS Implementation 3

» If we agree on a globalization strategy
» Then the DBMS format should be neutral
» Not locale or machine specific

» If we agree that arbitrary size limits are bad

» Precision, string length etc

» Then we need to make them huge (e.g. 2¢4)
» If we agree that security is important

» Then we use operating system authentication

» Don't let the user just type their credentials

If we agree on a globalization strategy, then the DBMS
should be neutral, and not specific to a particular
machine, platform, or locale. A database created on one
machine, platform or locale should be usable on
another.

The DBMS should not impose arbitrary size limits on
strings, number of columns etc. Any that are imposed
should be huge.

If we agree that security is important, then we should
use operating system authentication and no other
options. Users should not be simply allowed to say who

24



they are.

24



Pyrrho DBMS

» Pyrrho DBMS always had the above goals
and full feature set including friggers, views

» But ACID's C and | were not good enough
» For serializable tfransactions all RDBMS struggle

» The StrongDBMS experiment showed that
using shareable data structures could help

» So we aim in Pyrrho v7 to use shareable
(immutable) data structures

» Wherever possible!

Pyrrho DBMS has always had these goals, and a full
feature set including stored procedures, structured
types, triggers, and views.

But it turned out that its consistency and isolation in its
implementation were not good enough, and it was easily
outperformed by StrongDBMS, a much simpler system.
In an artificial test with high concurrency and serializable
transactions, we found that all DBMS were
outperformed by StrongDBMS.

So, in Pyrrho v7, the aim was to re-implement Pyrrho
using a lesson learned from StrongDBMS, that in

25



situations of high transaction concurrency it was best to
use shareable, immutable data structures, for as many
internal structures as possible.

The implementation has been progressing steadily, it is
still in at the alpha stage, but anyone can see the
progress that has been made, as the source code is on
github.

25



Shareable data

» Strings in Java, Python, C# etc are good
» They are immutable
» You have to make a new string to change them

» lllegal to write str[x]="Y";

» For a class fo be shareable, all fields must be
read-only and shareable

» Deep initialisation needed in constructors
» Need another constructor fo make a change

» Inherited fields need to be set in the :base()
constructor

2% » Maybe with the help of a static method

Let’s quickly review what is meant by shareable data.
Many programming languages currently have shareable
implementations of strings. Specifically, strings in Java,
Python and C# are immutable: if you make a change, you
get a new string, and anyone who had a copy of the
previous version sees no change.

In these systems, it is illegal to modify a string by
assigning to a character position instead you need to use
a library function. The addition operator can be used in
these languages to create a sum of strings. This is
basically the model for shareable data structures.

26



For a class to be shareable, all fields must be read-only
and shareable. Constructors therefore need to perform
deep initialisation, and any change to an existing
structure needs another constructor.

Inherited fields need to be initialised in the base (or
super) constructor.

26



Share common elements

» For example, all databases share things
» Predefined types, properties, system tables

» These don’t have to be copied to a new db
» All databases can have the same starting point

This is useful for databases because databases share so
many things: predefined types, properties, system
tables. So as mentioned on a previous slide, all
databases have the same starting state.

27



Transactions

» Database + possible additions, changes
» Not shareable: contains a list of Physical
» Concurrency: several TX in progress

2 132
T12 T22 8 e

R T2 added

» T2 now commits DB

28’ T1 can commit if no conflict with T2 changes

Even more importantly all transactions can start with the
current state of the database, without cloning or copying
any internal structures. When a transaction starts, it
starts with the shared database state: as it adds
physicals, it transforms. Different transactions will in
general start from different states of the shared
database. In the picture on the slide, we know what the
database state is. We don’t know if any of the
transactions fit on top anymore. In particular, after T2

commits, T1 and/or T3 may no longer be able to commit.

If T1 was able to commit before, then it will still be able

28



to commit provided it has no conflict with T2’s changes.
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Transaction Conflict

» The rules for this are debatable

» T1 and T2 will not conflict if they affect
different tables or other database objects

» And only read from different tables

» But we can allow them to change different
rows in the same table

» Provided they read different specified rows
» Or even different columns in the same row
» Provided they read different columns

29

The details of what constitutes a conflicting transaction are debatable. Most experts
would agree with some version of the rules on this slide. The first rule is sound
enough, although the condition on reading is very important: we would need to
include things like aggregation in our definition of reading. The first rule is also very
easy to implement, especially if tables are shareable structures, as a simple 64-bit
comparison is sufficient!

For the other rules, we would need to be very clear on what a specified row is, and
the non-existence of a row might only be determined by reading the whole table.
Such debate is beyond the scope of today’s tutorial.
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Demo 2: Commit, Conflict

» In this demonstration, we will see that during commit of a
Transaction T, we do a validation check
» |t ensures that the elementary operations of T can be validly
relocated to follow those of any transaction T* that has
committed since the start of T
» T planned
D’

» But now D’

» Relocation amounts to swapping the order of the elementary
operations e;

» Two such cannot be swapped if they conflict
» E.g. They change the same object (write/write conflict)
» There are also tests for read/write conflicts between Tand T

In the second demonstration, we look in detail at the
Commit() method for a transaction, and the detection of
conflicts.

At the start of Transaction Commit, there is validation
check, to ensure that the transaction still fits on the
current shared state of the database, that is, that we
have no conflict with transaction that committed since
our transaction started.

If that is the case, we can relocate all our proposed
changes to come after the committed transactions.
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The tests for write-write conflicts involve comparing our
list of physicals with those of the other transactions.

For checking read-write conflicts, we collect “read
constraints” when we are making Cursors.
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pg Fle Edt View Gt Project Buld Debug Test Analyze Tools Bxt
Window  Help

G-2 @#

uoReIION

Configuration: | Active (Debug) v|  Platform: | Active (Any CPU)

Start action

@ Start project

O Start external program:

sjooj Jusoubeig

O Start browser with URL:

el3
Start options o

roper

Command line arguments: [ _g:\DATA d -\DATA . 3

_ e v € Docun

v €

v C esx.C

Whnrbina dirsctans

The slide shows two client command windows, the
database folder, and Visual Studio. We will get the Visual
Studio debugger to run the server for us, as this will
enable us to look at the validation step of
Transaction.Commit().

Visual Studio has opened the solution in Pyrrho’s
src\Shared folder, and | have set the database folder to
\DATA for convenience, using the Debug properties of
the PyrrhoSvr project. In the command window that the
start-up creates, | clicked the Enter key to start the
server as in demo 1. | have minimised the server window
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to get it out of the way.

We confirm that the database folder | have nominated is
empty.
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PyrrhoCmd t10

PyrrhoCmd t10

SQL> SQL>

oA File Edit View Gt Project Buld Debug Test Analyze Tools Extensions  c.,.ch
Window  Help

‘e~ S0 W - Q. Continue

R@inwd -

B LiveShare &7

PyrthoSvr* & X M.l Solution Explorer ~ I X

Application o . - &8 -
Configuration: | Active (Debug) v Platform: | Active (Any CPU) v -
Build Search Solution Explor P ~
Build Events . +13] Solution ‘PyrrhoSvr' ~
4 [ PyrrhoSvr
e b i References
Resources b Common
Services k Levell
4 Level2
Settings 4 Level3
Reference Paths 14 Leveld
> Properties
Signing _dA\DATA
Security 3
Publish
Code Analysis v
< >
[] Read 2 » 99~ Shared master & 1

32

The command we want to run in both windows is the
same: PyrrhoCmd t10. Once we do one of them, the
DBMS immediately creates the database as we have
seen in demo 1 - | have hidden the folder window.



File  Edit %

6.0 1nser‘t 1nto RDC values(z, 'Weeks in the year')

PyrthoSur* = X table RDC Rl Solution Explorer  ~ B X
Application : ol e~
Configuration: | Active (Debug) v Platform: | Active (Any CPU) v Search Solution Explor &2
Build earch Solution Explor 0 ~
Build Events . N '1 Soluhan ‘PyrrhoSvrt &
[@ PyrrhoSur
2l D & References
Resources 4 Commen
Levell
Senvices i L::‘z
Settings > Level3
Reference Paths 4 Level4
. b Preperties
Signing -d:\DATA 5§ App.config
Security b v c* Document.cs
o iice,
Publish b v o HttpService.c
P v c* Resx.cs
Code Analysis " s B Sewerico
b v ¥ Start.cs b

P2 #99 © Shaed Y master -~ B

In the blue window we do some work on the database.
We create a table and insert a couple of records. We can
display the table and see just what we have created
there.
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hhol Solution Explorer ~ B X

Application . . : @al%- "
Configuration: | Active (Debug) ~ | Platform: |Active (Any CPU) v
Build Search Solution Explor 2 ~
Build Events N 3] Solution 'PyrrhoSvr' ~
4 7 [c) PyrrhoSvr
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b
b
b
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b
b
b

That has all been committed, because we are running in
auto-commit mode, so the green window will pick it up.
It is also running in auto-commit mode, so a new
command starts a new transaction, and it will check the
current state of the database.

This completes the set up for this demo. We will repeat
this part of the demo later.
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Window  Help

& LiveShare £

Mol Solution Explorer ~ 1 X
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ive (Debug) < LOMTE e (Sary CRU Search Solution Explor & ~

+[31 Solution ‘PyrrhoSur'
rhoSvr

Now we start an explicit transaction in the blue window.
If we just relied on auto-commit mode it is very difficult
to synchronise an overlap of transactions. For a demo, it
works very well to use explicit transactions.

Notice that in an explicit transaction the prompt changes
to SQL-T>. As long as the transaction is running, we will
get these prompts. When the transaction is over, either
because of commit, or rollback, or because we have
done something wrong, it will go back to SQL>.
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delete from RDC where A=42

oA File Edit View Gt Project Bu
Window  Help

292" 1 records in transaction t10 & LiveShare &

M Solution Explorer ~ B X

PyrthoSwr = %

Application SQL > : @8l o-
CRTIgUrStIch: | ActIVE (LSBT b Platform: | Active (Any CPU) ~ Search Solution Explor
Build earch Solution Explor 2 ~
Build Events . o + 2] Solution ‘PyrthoSvr* ~
4 v [c) PyrrhoSvr
B b i References
Resources 4 Commeon
Levell
Services > =
b Level2
Settings 3 Level3
Reference Paths 4 Leveld
o b Properties
Signing and line arguments: [ g\DATA 5§ App.config
Security b v € Document.cs
Publich b v € HttpService.c
b v Resx.cs
Cade Analysis " ) St
b v c# Start.cs

We will request conflicting changes to table RDC in these
two clients. In the blue window, let’s “delete from RDC
where A=42", to delete the first row. That’s in a
transaction, so nothing has been written to disk yet.
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update RDC set B='The answer to th

question' where A=42
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Application A IRCR
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Build earch Solution Explor 0 ~
Build Events - + 151 Selution ‘PyrthoSvr'
4 +[c PyrrhoSur
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Resources 3 Common
Services > Lol
> Level2
Settings > Level3
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In the green window, we are still in auto-commit mode
and we are going to make an update to the same row,
which will be committed straightaway to disk. This
should make the blue window unable to commit its
transaction because of the conflict.



|1 records affected in t10 C:\PyrrhoDB70\Pyrrho>PyrrhoCnd t10
SQL> insert into RDC valu ,'Weeks in trSQL> table RDC
{1 records affected in t10

table RDC

|42|Life, the Universe|
|52|Weeks in the year |
= |
SQL> update RDC set B='The answer to the ultimate question' where A=42
1 records affected in t10
> begin transaction SQL>
delete from RDC where
rds in transaction t1@

Project Build Debug Test Analyze Tools .y,

Continue ~ | & | @ = O

- | % Pyrrho.Level3.Transaction
wr.PutBuf();
df.Flush();
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return parent.Commit(cx); S
for (var becx.deferred.First();bl=null;b=b.Next()) o Viewss
var ta = b.value(); kg
ta.defer = false; v € Activatior
.db = this; 2 v €= Context.c
.Exec(); v € Group.cs

4 €% Anin e

&~ L1 Ch:1  MIXED CRLF
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In order to see what happens, let us set a breakpoint in
the debugger, at the start of the Transaction.Commit()
method.



|sQL> i rt into RDC values(52,'Weeks in the year')
11 records affected in t10

jSQL> table ROC

|--1--

| |B

H--1

|a2|Life, the Universe|

|52|Weeks in the year |

1--1 o the ultimate question’ where A=42
SQL> begin transaction

SQL-T>delete from RDC

1 records in transacti -
SoL-Tocommit commit
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Value.cs
c View.cs

var ta = b.value(); Leveld
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ta.db = this; = Context.c
ta.Exec(); i e Group.cs _
5 lnin e

't
© No issues found v Ln: 190  Ch:13  MIXED  CRLF

# 00" &> Shared V' master o

Then when we issue the commit command in the blue
window, we hit the breakpoint.



SQL> insert into RDC values(52, 'Weeks in the year')
1 records affected in t10
SQL> table RDC

|42|Life, the Universe|
|52|weeks in the year |

1 records in transaction t1e
SQL-T>commit
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GPU Threads
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Parallel Watch
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Immediate

Live Visual Tree

Live Property Explorer
Call Stack

Threads
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Processes

o the ultimate question' where A=42

Search.. P PyrrhoSvr = o X
Ctrl+Alt+B
Ctrl+Alt+E

|2 LiveShare &

#  Solution Explorer ~

Ctrl+AltsF2 G o
Search Solution Explor O ~
b v c* QueryClas «
Ctrl+Shift+D, K b v c* QuerySpe
Ctrl+Shift+D,S = b v c* ReadCons
» b v c* Rolecs
b v c* Tablecs
L b v c* TableColu
Crl+Alt+V, A b v c* Transactio
Ctrl+Alt+V, L b v ¢ Trigger.cs
Ctrl+Alt+] b v C* Usercs
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4 Leveld
b v c* Activatior
CuttNLEC b v c* Contextc
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Ctrl+ Alt+U i b s ot inin e
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Let us open the Watch window in the debugger, so we

cah examine details.
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| Add item to w v €= Context.c
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internal override Database Commit(Context cx)

if (physicals == BTree<long, Physical>.Empty && cx.rdC.Count==@ }

Ln: 190 Ch:13  MIXED  CRLF

Let’s look at the physicals. physicals is the list of Physical records that the Transaction
wishes to commit, and it’s just the single Physical record to delete row 137 in the
database, “Life, the Universe”.
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File Edit View Git Project Build Debug Test Analyze Tools ..., p PyrrhoSvr — o %
Extensions  Window  Help
0@~ -0 W -G~ P Continue~ | HR|B_zn mH|D>¥ 2t gl-_ & LiveShare &

~ % Solution Explorer ~
= | "% Pyrrho Level3. Transacus = | @, Commit(Context cx) apl e

~PutBuf(); "
e Suarch Slution Explor 0 -

¥ P v € QueryClas «
¥ b v & QuerySpe
P + = ReadCons
b +c* Rolecs
b v € Tablecs
b v c* TableColu

int‘e‘r‘n‘al“cverride Database Commit(Context cx)
i
if (physicals == BTree<long, Physical>.tmpty && cx.rdC.Count==0 |
8% cx.etags==null)f
narant Commitlev)e P ¢ € Transactio
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b v c* Value.cs
3 - | qr
S ¥ b v € View.cs
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We will also look at cx.rdC[23], which is to do with the
ReadConstraints for this particular Transaction. In this
case there aren’t any, as this transaction hasn’t read
anything. (In the next experiment we will see it is the
other way round.) Step Over a few times to get to line
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or
(new Context(db), loadpos); new Reader..
new Context(db), dbfiles[name]);

ork w

); // start of the work we

g new Writer..

SearchDepth: 3~ | 4T
Name Value Type
b & physicals {(10=Delete Record 137(23))} Pyrtho.Common...
F oardC(23) null Pyrtho.Level3 Re...
Add item to watch

N2 £ 9 ©Shared Y mastera B

We Step Over a few lines to line 208. The validation step
will use the up-to-date copy of the database, as it was
left by the green window. We also open a Reader and a
Writer: a Reader to look at this database, specifically at
the records that have been committed since the start of
our Transaction; and a Writer, where we will prepare the
records that we are going to add to the database if our
validation succeeds.

These are not shareable and are subject to locking
protocols. They also work on the same FileStream.
(Transaction Commit() repeats the validation step after
locking the FilleStream.)
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|SQL> insert into RDC values(52,'Weeks in the year')
1 records affected in t10

jsL> table ROC

|- -1

= | o the ultimate question' where A=42
SQL> begin transaction

SQL-T>delete from RDC where A=42

1 records in transaction t10

SQL-T>commit

File Edit View Git Project Build Debug Test Analyze Tools .. O PyrrhoSvr _ o X
Extensions  Window  Help
io- -2 WM e P Continver g (@i MmO DY L@ & LiveShare &7

Transaction.cs + % LU > & Solution Explorer

~ | "%, Pyrrho.Level3. Transaction | ®, Commit(Context cx) &8 -
if (b.key() != name) “ B search Solution Explor O ~
cx.CheckRemote(b.key(),b.value().rw); SearchSohtion Explar D
// Both rdr and wr access the database - not the transaction informid b v QueryClas ~
var db = databases[name]; b v € QuerySpe
var rdr = new (new Context(db), loadpos); b v c* ReadCons
var wr = new W q .
var t = physicals.Firs rdr.GetAl
var since = rdr. ; e
lfhysi:al ph = null; g . Y b v c* Transactio
@ No issues found R » Ln:213  Ch: 13 MIXED  CRLF b v ¢ Trigger.cs
>~ I X b v c* Usercs
— b v c* Value.
Search (Ctrl+E) P~ Search Depth: 3~ ‘?Y 3 j c V?e:vec(:
Name Value Type Leveld
b physicals {(10=Delete Record 137(23))} 2 b v = Activatior
K oxrdC(23) null Pyrrho.Level3. b v c* Contextc
» @ since {(0=PTransaction for 1 Role=-502 User=-501 Time=11/05/... Pyrrho.Comm b ¢ c* Group.cs
| Add item to watch v

Step Over to line 213, just after a line saying
“since=rdr.GetAll();” This gets the records that have been
committed to the database since the start of our
transaction. Use the Watch window to examine since.
Right-click, Copy Value, and paste it into a Notepad.



SQL> insert into RDC values(52,'Weeks in the year')
1 records affected in t10
SQL> table RDC

|52|weeks in the year |

I==t 2 =] o the ultimate question' where A=42
SQL> begin transaction

SQL-T>delete from RDC where A=42

1 records in transaction t10

SQL-T>commit

File E
Extension]
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] *Untitled - Notepad

File Edit Format View Help
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Live Share
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rdr = new Reader(new Context(db), loadpos); v ¢* ReadCons

var wr = new Writer(new Context(db), dbfiles[name]); v c Rolecs

var tb = physicals.First(); // start of the work we want to commit

var since = rdr.GetAll();

Physical ph = null; -

© No issues found g~ 4 Ln:213  Ch:13  MIXED  CRLF
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We can see we have got the transaction marker and the
update that the green window has made.



iﬁQL» table RDC
[lF=]=
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saction
from RDC where A=42
transaction t1@

SQL-T>commit
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Set a breakpoint at line 230. Click Continue.
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SQL-T>delete fr
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var ce = cb.value()?.Check(ph,pt);
if (ce != null)

ox.rconflicts++;
throw ce;
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o the ultimate question' where A=42
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The first time we hit this particular line, ph is the
transaction record, which is not very interesting.

Click Continue
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o the ultimate question' where A=42

C where A=42
tion t1@
SQL-T>commit
Da File Edit View Git Project Build Debug Test Analyze Tools ... PyrrhaSvr o x
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Transaction.cs + X [LAUUERTS
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The second time, ph is the Update, and we call the
Conflicts() method. Step Into (Visual Studio breaks in
evaluation of parameters, so step out, and then in
again).



|SQL> insert into RDC values(52,'Weeks in the year')
1 records affected in t10

isou table RDC

==

in the year
SQL> begin transaction
SQL-T>delete from RDC where A=42
1 records in transaction t1@
SQL-T>commit

o the ultimate question' where A=42
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In the Conflicts method, we see that that is our Delete,
and this is the Update. We are looking at the Update
that was done by the green window, and comparing it
with our Delete record.
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Step Over: we reach line 95. For your delete to conflict
with an update, it just means that the position you are
trying to delete matches the position that has been
updated. We can see this is the case, and we will get an
Exception. Just click Continue.
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In this case we find there is a conflict, so let’s just click
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}
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Ln:236 Ch:25 MIXED  CRLF

Pyrtho.Common...
null Pyrrho.Level3.Re...
{(0=PTransaction for 1 Role=-502 User=-501 Time=11/05/... Pyrrho.Common...
{Update 137(23]: 45=42,97=The answer to the ultimate qu... Pyrrho.Level2.Ph...

* where A=42

o & LiveShare &

~ & Solution Explorer

sz &8 o

Search Solution Explor 2 +

4 b v = QueryCla: +
t b v € QuerySpe

b v c* ReadCons

b v ¢ Role.cs

b v c* Tablecs

b v ¢ TableColu

b v ¢ Transactio

b v = Trigger.cs

b v €= Usercs

b v ¢ Valuecs

b v c* View.cs

Leveld

b v € Activatior

b v c* Context.c

b v e Groupes

b e lnin e

»

# 99 O Shared Y master « B

We see that we get a complaint back in the blue window
that record 137 has just been updated. The transaction
has been rolled back, as we see from the prompt.

That completes the first experiment that we want to do
in this demonstration.
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hoCmd t10 C:\PyrrhoDB7@\Pyrrho>PyrrhoCmd t10
int primary key,B SQL> table RDC
ert into RDC values(42,'Life, the L|--| --

|
d in t10 |a |B |

SQL> insert values(52, 'Weeks in tr|==|-== |
1 records af i |42|Life, the Universe|
SQL> table RDC |52|Weeks in the year }

File Edit View Git Project Build Debug Test Analyze Tools ..., 0
Extensions  Window  Help

Continue ~ | i | @ IS 1 LiveShare &7

PyrthoSvr & X ~ # Solution Explorer ~ 1 X

Application o - @l o
Configuration: | Active (Debug)

Build Search Solution Explor P ~

Platform: | Active (Any CPU) b v €= QueryClas ~

b v €& QuerySpe

Debug 2 b v C* ReadCons

Resources v € Rolecs

v ¢ Table.cs

v ¢ TableColu

Settings v ¢ Transactio

Reference Paths 7.6 Wggercs

v € Usercs

v €= Value.cs

Security v ¢ View.cs

- Leveld

v € Activatior

Code Analysis v ¢ Context.c

Build Events

Services

Signing
Publish

v € Group.cs

4 €8 lnin oe

A2 #9"  & Shared V' master » B

For the second part of the demonstration, for simplicity we will restore the state we
had at slide 35: stop the server, delete the database, and repeat the set up to that
point.



@ Command Prompt - PyrthoCmd t10 - o X

|- I
1A I
: |
I
|

transaction

) View Git Project Build Debug Test Analyze Tools o,
Extensions  Window  Help

i@~ -2 M - @ - | » Continue - i & LiveShare &

PyrthoSvr & X ~ &  Solution Explorer ~ [ X

Application @ )

Configuration: | Active (Debug)
Build ¢ g Search Solution Explor P ~

Platform: | Active (Any CPU) b v ¢ QueryClas ~
b v ¢ QuerySpe
Debug P v c* ReadCons
Resources b v ¢ Role.cs

b v ¢ Tablecs

Build Events

Services b v ¢ TableColu

Settings b v ¢ Transactio
Reference Paths b v ¢ Trigger.cs
b v c* Usercs
b v € Valuecs
Security b v co View.cs
Leveld
b v € Activatior
Code Analysis b v ex Contextic

Signing

Publish

P v € Group.cs
N osew dmine

»

N2 & 99 & Shared V' master o B

This time, when we start an explicit transaction in the
blue window, instead of deleting something, we are
going to select a single row from the RDC table, and we
stick with A=42 again.



o] d pt - F 0 EN Command Prompt - PyrtheCmd 10 - a X

e Edit View Git Project Buld Debug Test Anabze Tools | o cp
Extensions  Window  Help

- Continue ~ | &, _inm @ & LiveShare R

PyrthoSwr & X ~ % Solution Explorer

Application o : &8 o
Cenfiguration: | Active (Debug)
Build Search Solution Explor @ =
Platform:  Active (Any CPU) b v @ QueryClas «
b ¢ € QuerySpe
Debug b ¢ €* ReadCons
Resources b v Rolecs
b v € Tablecs
b ¢ ¢ TableColu
Settings A P ¢ ¢ Transactio
b v €= Trigger.cs
e b v c# Usercs
Signing = b v € Valuees
Security b v View.cs
Leveld

Build Events

Services

Reference Paths

Publish 5
b v € Activatior

Code Analysis b v ¢ Context.c
b v € Group.cs

b s e dnin e

»

h2 £ 99 & Shaed VY mastera B

Just as before, the green window makes an update to
the same row, which is auto-committed. For the reasons
explained earlier, we expect that the blue window will
now be unable to commit.



C:\PyrrhoDB7@\Pyrrho>PyrrhoCmd t10
SQL> table RDC
=l

SQL> update RDC set B='The product of 6 and 9' where A=42
1 records affected in t10
= sqL>
2|Life, the Uni
|-

Git Project Build Debug Test Analyze Tools . O PyrthoSvr o
Extensions  Window  Help

T Continue ~ | K& | @ )

x

=, i ®, i v
«| %, Pyrrho.Level3.Transaction «| @, Commit(Context cx) 7 -
; " @8 o

wr.stmtPos = databases[name].nextStmt; // may have changed! Search Solution Explor O ~
wr.oldStmt = wr.stmtPos;
wr.segnent = wr.file.Position; b v € QueryClas
a.Commit(wr, this); b v € QuerySpe
wr.PutBuf(); ¢ ReadCons
df.Flush(); ¢ Role.cs
i ¢ Table.cs
3 c* TableColu
¢ Transactio
c* Trigger.cs
€ User.cs
c* Value.cs
return parent.Commit(cx); c* View.cs
// check for the case of an ad-hoc user that does not need to commi Leveld
if (physicals.Count 1L 88 physicals.First().value() is PUser) | & Activatior
return parent.Commit(cx); o
for (var b=cx.deferred.First();b!=null;b=b.Next())
{ -
@ No issues found S Ln: 188 Ch:36  MIXED  CRLF

Context.c
Group.cs

h2 # 99 @ Shared 'Y master

Ensure that we still have a break point in the
Transaction.Commit() method.
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BN Command Prompt - PyrrhoCmd 10 - 0O X

|
|42|Life, the Universe|
|52|Weeks in the year |
IS
SQL> begin traj
L-T>select * from RDC where A=

|A |B of 6 and 9' where A=42

===
|a2|Life,
I==ils

SQL-T>commit

- Lo
p¢) File Edit View Gt Poject Buid Debug Test Amalyze Took sch. O Pyrhoswr

Extensions  Window  Help
= | P Continue ~ | g " >¥ 2t -

~ | %% Pyrrho.Level3.Transaction | @, Commit(Context cx)
T

wr.stmtPos = databases[name].nextStmt; // may have changed!
wr.oldStmt = wr.stmtPos;

wr.segment = wr.file.Position;

a.Commit(wr, this);

wr.PutBuf();

df.Flush();

¥

internal override Da Commit(Context cx)

{
if (physicals == BTree<long, Physical>.Empty && cx.rdC.Count==0
[ 82 cx.etags==null)

return parent.Commit(cx);
// check for the case of an ad-hoc user that does not need to commi
if (physicals.Count == 1L &% physicals.First().value() is PUser)
return parent.Commit(cx);
for (var b=cx.deferred.First();b!=null;b=b.Next())

@ No issues found S~ Ln:190 Ch:13  MIXED  CRLF
A2 #99" & Shared

On the commit command, we hit the break point. Open

the Watch window again.

@8 o
Search Solution Explor @ ~
b v €& QueryClas «
v € QuerySpe
v ¢* ReadCons
v €* Role.cs
v €+ Table.cs
v ¢* TableColu
v € Transactio
v ¢ Trigger.cs
v € User.cs
v € Value.cs
v € View.cs
Leveld
v € Activatior
v ¢+ Context.c
v € Group.cs i

4 €% nin oo

Y master « B
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of 6 and 9' where A=12

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

0~ -0 M e b Continue~ | B i om O[>

Search. P PyrrhoSvr

Transaction.cs + X LUUES

Pyjr?:aSw - “'«.lvyrrho.LeveB Transaction +| ©, Commit(Context cx) &8 - "

180 wr.stmtPos = databases[name].nextStmt; // may have changed! > Search Solution Explor @ ~
181 wr.oldstmt = wr.stmtPos;
182 wr.segment = wr.file.Position; b v QueryClas
183 a.Commit(wr, this); b v QuerySpe
184 wr.PutBuf(); b v c* ReadCons
185 df.Flush(); b ¢ c= Rolecs
186 ¥ b v C= Table.cs
X b v €+ TableColu
. N b v = Transactio
b v c* Trigger.cs
b v €= Usercs

Search (Curl+E) P~ Search Depth: 3 - l}T b e s

P v C* View.cs

@ No issues found ¥~ 1 4 Ln: 190 Ch: 13 MIXED  CRLF

Value Leveld

b v €= Activatior
b v e Contextc

i v o \
B »:b ordC(23) 123353137 o T
b @ sin null rho.Common... ]
‘s cAa A “:H {[23(45,97)[] 37]]} mZ_L:vn:IZ.;::..- : :Sw -G..murp:cs M

P2 £ 9% O Shaed Y master- By

If we look at the Watch window that we had before, we
can see that the physicals list is empty this time, but the
read constraint has got something in it. (We haven’t
fetched since yet.)



of 6 and 9' where A=

File Edit View Git Project Buld Debug Test Anabze Tools s O | PymhoSur E—
Extensions  Window  Help
0 -2 Ny - | » Continve ~ IR & LveShare &

Transaction.cs + > LU ~ & Solution Explorer ~ § X
yrehoSvr ~ | "% Pyrrho.Level3.Transaction - | @, Commit(Context cx) &P -
" T

180 wr.stmtPos = databases[name].nextStmt; // may have changed! “ . search Solution Explor 2 -
181 wr.oldStmt = wr.stmtPos;

182 wr.segment = wr.f;le.Po;nion; DosEzgel
183 a.Commit(wr, this); b+ € QuenySpe
184 wr.PutBuf(); Vs Ll
185 df.Flush(); + * Role.cs
186 v € Tablecs
187 } v c* TableColu
+ c* Transactic
100% - @ Noissuesfound g - Ln: 190 Ch: 13 MIXED v € Trigger.cs

v € User.cs

Watch 1
Search (Ctri+ ) P - SearchDepth: 3 - | 57 [f] o Valuecs

+ €* View.cs
Name Value Type Leveld
b & physicals {3 Pyrrho.Common.BTree<leng, Pyrrho.Level2 Physical> 4 c* Activatior
WL ocicosl  359n1371)[pyrho Leve ReadComsraint | gy
b @ check = {53713} Pyrtho.Level3 CHxckUpdate (Pyrrho Level3. CheckSpecific} 4 € Group.cs
@ tabledefpos long Ininre T
»

» @ cince LIS Pyrrho.Level3. CheckSpecific
7 Readv M7 & 09 &> Shared V' macter B

Expand it: we see that this is a CheckSpecific record: the
check field shows the columns and the records that have
been read.



the Universe|
in the year |

SQL-T>select * from RDC where A=42
of 6 and 9' where A=42
|42|Life,

SQL-T>commit
File Edit View Git Project Build Debug Test Anabze Toos | sepch. O |  Pymhoswr
Extensions  Window  Help
o - = | P Continue - | iia inmd|>rt 2t @~ & Live Share

Transaction.cs + X LaaSd > & Solution Explorer ~

~| "% Pyrrho.Level3.Transaction ~| @, Commit(Context cx) Ao

for (var cb = cx.rdC.First(); cb != null; cb = cb.Next()) Search Solution Explor & ~
ar ce = cb.value()?.Check(ph,pt);| b v € QueryClas +
if (ce != null) QuerySpe
{ I ReadCons
cx.rconflicts++; Role.cs
throw ce; Table.cs
TableColu
Transactio
Trigger.cs
Watch 1 o x User.cs
Value.cs
View.cs
Leveld
b physicals 0 Pyrrho.Common.Bree<long, Pyrrho.Level2.Physical> o
4 S exrdC(23) {[23(45,97M(1371)} Pyrrho.Level3.ReadConstraint
» @ check {(45,870137)} Pyrrho.Level3.CheckUpdate {Pyrrho.Level3.CheckSpecific}
@ tabledefpos long
» @ since Pyrrho.Common.BList<Pyrrho.Level2.Physical>

# 99" @ Shared V' master B

Ch: 13 MIXED  CRLF

Search (Ctrl+E) P~ Search Depth: 3~ | 4¥
Name Value Type

Activatior
c* Context.c

€ Group.cs

6 Inin e

Since rdC is not empty, let’s put a break point at line 223
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Life, the Universe|
Weeks in th r

1SQL> beg: ransaction
SQL-T>select * from RDC where A=42

of 6 and 9' where A=42

SQL-T>commit

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window Help

BN S0 W - -] b Continue~ | & |[B i omO|D> ¥

Search... PyrrhoSvr - o X

Transaction.cs + X LUUENYS

€] PyrrhoSvr | "%, Pyrrho.Level3.Transaction ~| ®, Commit(Context cx) &8 o-

221 for (var cb = cx.rdC.First(); cb != null; cb = cb.Next()) Search Solution Explor 0 ~
222
{ lvar ce = cb.value()?.Check(ph,pt); b v € QueryClas +
if (ce I= null) b v ¢ QuerySpe
{ b v € ReadCons
cx.reconflicts++; b v c* Role.cs
Ehiewce; b v c* Tablecs

i } b v c* TableColu

© No issues found S~ 4 » Ln:223  Ch:21  MIXED  CRLF

P v = Transactio
b v c* Trigger.cs
Watch 1 g x b v € Usercs
B scorch (ctieB) p- Search Depth: 3~ | 4 [B] bEs Yaluec

b v c* View.cs
Name Value Type Leveld

» @ check {@s9m137)} Pyrtho.Level3.CheckUpdate {Pyrrho.Level3.CheckSpecific} b v €% Activation
@ tabledefpos 3 long
» @ since {(0=PTransaction for... Pyrrho.

» @ ph {Update 137(23}: 45... Pyrrhol Updat e 137 [ 23 ] "

Add item to watc

2 #99" & Shared

The second time this is hit, ph is the Update that was
made by the green window. (The blue window just
made a select.) Step Into the Check() call (step out of
parameter evaluation, and step in again).
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| |
H--1- -1
|42|Life, the Universe|

s in the year |

S |
begin transaction
lect * from RDC where A=42

ila |8 of 6 and 9' where A=42
42|Life, the Univ

QL-T

File Edit View Gt Project Build Debug Test Analyze Tools  .,.p, PyrrhoSvr
Extensions  Window  Help

N - | b Continue - | & | @ IS

Transaction.cs PyrrhoSvr [ELCTEHRR " ~ #  Solution Explorer
13.ReadConstraint ~| ® Check(Physical p, PTransaction ct) ~ = &8 o-

me="p">the change</param “ I search Solution Explor P~
whether we have a transaction conflict</retu b v & QueryClara
n Check(P al p,P action ct) b v € QuerySpe
b v € ReadCons
if (check == null) b 4 c* Rolecs
return p.ReadCheck(tabledefpo: b Table.cs
if (p is Record r) TableColu
feturn check.Check(r, ct);
© No issues found S AR Ln:63  Ch:17  MIXED  CRLF

Transactio
b v e Trigger.cs
Watch 1 g X b vt Usercs
W Search (Ctil+E) P~ Search Depthi 3+ | 4T B b v = Valuecs

b v View.cs
Name Value Type Leveld
» & physicals 0 & Pyrtho.Common.Bree<long, Pyrrho.Level2 Physical> pvce
4 F oxrdC(23) {12345,9M(137))} & Pyrrho.Level3.ReadConstraint pree
» @ check { i ¢ Pyrrho.Level3.CheckUpdate {Pyrrho.Level3.CheckSpecific)
tabledefpos @ long
PTransaction ... ¢ Pyrrho.Common.B

Activatior
Context.c
b v c* Group.cs

b osoru lnin e

© Shared Y master

When we step into the ReadConstraint.Check() method,
check is the CheckSpecific, and it checks the record r
that has been committed by the green window. Step
Into check.Check().



of 6 and 9' where A=42

pq e Edt View Gt Poject Buld Debug Tet Anmsbze Took s -
Extensions  Window  Help
- “2 WD - -] P Continue - | g WO =y EaEs i gl=T |2 Live Share

Transaction.cs PyrthoSvr (CLEIECTIXT Y ~ &  Solution Explorer ~ 1 X
[ PyrrhoSvr ~ | %% Pyrrho.Level3.CheckSpecific | @ Check(Record r, PTransaction ct)  ~ % & o "

‘r">the insert/update</param> Search Solution Explor 2 ~

UL, reCs . Contains(r. de-Fpos)

»I if (reds.Contains(r.defpos)) - pvee Role cs

ret» @ recs |((137=True)} = po", r.defpos, r, ct).Mix(); b ¢ c* Tablecs

; return null; b v c* TableColu
3 - g b v c* Transactio
© No issues found ¥~ {[1 7 True]} Ch:9 _ MIXED _CRLF b v ¢ Trigger.cs
Watch 1 o x b v = Usercs
b v ¢ Valuecs
Search (Ctrl+E) - : - |
earch (Ctrl+E) »p Search Depth: 3 ¥ b v c* View.cs
Name Value Type Leveld
» & physicals @& Pyrtho.Common.BTree<long, Pyrrho.Level2 Physical> b v Activatior
4 F exrdC(23) ([23(45 97)[137]}) & Pyrrho.Level3.ReadConstrail P v € Context.c
» @ check 71} & Pyrrho.Level3.CheckUpdate {Pyrrho.Level3.CheckSpecific) b v €* Group.cs
@ tabledefpos 2 G long B pen i
b since {(0=PTransaction ... ¢ Pyrrho.Common.BList<Pyrrho.Level2 Physical> »

N2 & 99"  & Shared "V master o B

This looks at the list of records of the CheckSpecific, the
records that were read by the blue window and it
contains the record that has just been updated, so an
exception occurs. Continue from this point.
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begin transaction
L-T>select * from RDC where A=42

=
of 6 and 9' where A=42

nflict: record 13’

file Edit View Git Project Buld Debug Test Analze To0s Seuch. O Pymhoswr
Extensions  Window  Help

o - N R B-:1 md|>t 3t - | Live Share
ReadConstraint.cs X » ¥ Solution Explorer ~

~ | "%, Pyrrho.Level3.Transaction | ®, Commit(Context cx) &8 o~

for (var cb = cx.rdC.First(); cb != null; cb = cb.Next()) Search Solution Explor P ~

cb.value()?.Check(ph g ! b v € QueryClas ~
[ b v €* QuerySpe
v €* ReadCons
cx.rconflicts++; 7 ¢* Role.cs
throw ce; e

Table.cs
v ¢* TableColu
v ¢ Transactio
v ¢ Trigger.cs
Watch 1 g x v € User.cs

v €= Value.cs
P~ Search Depth: 5
v & View.cs

Name Value Type teoad
» @ check {@5,970137) Pyrtho.Level3.CheckUpdate {Pyrrho.Level3.CheckSpecific} 7 €* Activatior
@ tabledefpos 23 long
b @ since {(0=PTransaction for... Pyrrho.Common.BList<Pyrrho.Level2. Physical>
b @ ph {Update 137(23]: 45... Pyrrho.Level2.Physical {Pyrrho.Level2.Update}

Add item to wotch

NNNNNNNN

@ No issues found v Ch: 25  MIXED  CRLF

g
®

Search (Ctrl+E)

v c* Context.c
v € Group.cs

4 €8 nin re

h 2 #9"  & Shared YV master o B

A suitable report is sent to the blue client, and the transaction is rolled back.
This concludes the demonstration of transaction conflict.



Shareable structures

» In a programming language with references
» Good idea to make all fields

» If the fields are also immutable
» Then a reference can be safely shared

» So all fields might as well be

» Also the object can be copied in asingle
machine instruction a:=b; with all fields

» No need to clone or deep-copy fields
» Assignment, or snapshoft, thread safe
» If we make some changes to the object
65 » Other fields can remain safely shared

The next question is how best to implement shareable
data structures. In a programming language based on
references, such as Java, or C#, we can make all fields in
our structure final, or readonly. Then any reference can
be safely shared, and all fields might as well be public
(unless there are confidentiality issues).

If all of the fields are, in turn, also known to be

immutable, then there is no need to clone or copy fields:

copying a pointer to the structure itself gives read-only
access to the whole thing. For example, if the Database
class is shareable, and b is a database, then a:=b is a
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shareable copy of the whole database (we have just

copied a single 64-bit pointer). This is also guaranteed to
be thread-safe.

Pointers to shareable structures are never updated, but
can be replaced when we have a new version to
reference. If this new version has some changed fields, it
is perfectly fine to continue to use the same pointers for
all the unchanged fields.
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When we add a node

(b) the path to the position of modification is “deshared”,
new nodes are thicker, shared nodes are shaded

6& [Krijnen and Meertens, 1982]

When we add a field located deep in a shareable
structure (e.g. a node to a shareable tree structure), we
will need to construct a single new node at each level
back to the top of the structure. But the magic is that all
the other nodes remain shared between the old and
new versions.

The picture shows a tree of size 7, and updating (that is,
replacing) one leaf node has resulted in just 2 new nodes
being added to the tree. This makes shareable B-Trees
into extremely efficient storage structures.

In tests, we see that for a suitable minimum number of
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child nodes in the B-Tree, the number of new nodes
required for a single update to a B-Tree of size N is
O(logN), and experimentally, this means that for each
tenfold increase in N, the number of new nodes per
operation roughly doubles.

Note that we also get a new root node every time (this
avoids wearing out flash memory).
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Why C#¢

» It is helpful if the programming language
supports:

> directives (Java has )

» Generics (Java has these)

» Customizing operators such as +=

» Because a+=b is safer than Add(a,b)
» Easy to forget to use the return value a=Add(a,b)

» Implies strong stafic typing (so not Java)
» Many languages have “type erasure” ®
7 Also useful to have all references nullable

Let us choose a popular programming language to
recommend. We have readonly or final directives in C#
and Java, and generics in both.

But C# allows us to create statically-defined operators
such as +=, and this is a great advantage because a+=b
allows no mistake, while it is very easy to think Add(a,b)
adds b to a. (It does, but only if the result of the method
is then assigned to a.)

Java also lacks strong static typing because of type
erasure, and C# allows all references to be nullable by
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default.

So | prefer C#, which now has been around for 19 years.
Java and Python have been with us for over 30 years.
However, C# provides no syntax for requiring a class to
be shareable.
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Shareable objects in DBMS

» Let's make structures in the DBMS shareable
» Database, Transaction

» Table, Index, TableColumn, Procedure, Domain,
Trigger, Check, View, Role

» Query, Executable, RowSet, most Cursor
» TypedValue
» Some classes are NOT shareable:
» Use mutable Context and Acftivation variables

» Files and HttpRequest are mutable

» Physical objects are for preparing log records
68 » So cursors that examine logs are not shareable

What data structures in the DBMS can be made
shareable?

Database itself, and its subclass, Transaction.

Database Objects such as Table, Index, TableColumn,
Procedure, Domain, Trigger, Check, View, Role

Processing objects such as Query, Executable, RowSet,
and their many subclasses;

Cursor and most of its subclasses.

TypedValue and all its subclasses
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All of these can be made shareable.

Context and Activation cannot be made shareable
because in processing expressions we so often have
intermediate values.

Also, something needs to access system non-shareable
structures such as FileStreams, HttpRequest.

And Physical and its subclasses are used for preparing
objects for the database file, so cursors that examine
logs are not shareable.
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BTree<K,V> and BList<V>

» BTree is a sort of unbalanced B tree
» += adds (key,value) pair, -= removes a key
» BList is subscriptable subclass where K is
» But is slower: renumbers on insertion and deletion
» Pyrrho’s implementation of Blree is weird
» Would be a nightmare to prove correct
» But it can be replaced by a better onel
» Traverse up and down using shareable
helpers

6(7&Bookmar'k<K,V> O, 0)s;

We have already mentioned BTrees. These are used throughout the implementation
and have proved very useful. As mentioned above, BTree<K,V> appears to exhibit
logarithmic behaviour, It is also used for implementation of BList<V>, but BList is
slower in order to ensure that the keys are always 0,1,.. .

If someone can come up with a better (more provably correct) version of BTree, that
would be great!

As described in the StrongDBMS paper, traversal of both BTree and BList is done using
shareable bookmarks, and since last year both allow bidirectional traversal.



ABookmark<K, V>

» Immutable and shareable
K ()
Vv (0);

» Continue to fraverse the tree they start in

ABookmark<K,V> ()

ABookmark<K,V> ()
» Obviously they don’t see any changes to it
» Base class for all kinds of Cursors

» BTree<K,V> is shareable if K and V are
70

This slide give some more detail on Bookmarks. Given a Bookmark we can move to
the Next, or Previous entry in the tree or list (and we get a new Bookmark of course).
They continue to traverse the tree that returned them (which remains immutable).
The Cursor class is a subclass of ABookmark and is the base class for numerous
Cursor classes.

These structures are shareable provided that K and V are shareable.



Basis

» Base class for objects with properties
BTree< g > mem;
» The key is used to label properties
Name = -50;

» Operator + helps with modifications (via +=)
» Just one property

name => | Jmem[Name];
» Allows us to define shareable properties

» Basis will be shareable provided all property
values are shareable

71 > e.g. . , DateTime, or a shareable class

A key building block in the implementation is the Basis class, which is the parent of all
of the shareable classes mentioned on slide 69, except TypedValue.

Basis itself contains just one field BTree<long,object> called mem, and has just one
shareable property name. Object is not shareable: but a Basis object will be
shareable if all its property values are.

Its importance comes from the fact that negative keys in mem provide a set of
readonly properties. Each subclass of Basis can define its own property keys.

So Name is -50, and negative keys from -50 to -500 are reserved for such properties.
Keys below -500 are used for predefined types and system tables.

Any subclass of Basis can define operator+ to give useful ways of updating properties.
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Bassis, contd

» Basis has an abstract method
Basis (BTree< " > m)
» So a subclass such as Framing must have
Basis (BTree< N > m)
{ Framing(m); }
» Should also have a way of changing its properties

Framing (Framing f,( 5 ) X))
{ (Framing) (mem + x); }

» Here in mem+x we have the operator+ from slide 69

» Example: if d is declared as Database d;
» Then we can have d (QEER )5

72 » +=for a Database returns a Database (covariance)

This slide adds some more technical detail for the Basis class and how its subclasses
work.

Every subclass must implement New. Provided every subclass also implements +
similarly to the one shown, we do not need a new constructor for modifying every
kind of field in a shareable subclass.

Then whatever subclass x is declared to be, x+(k,v) will be the same class for any long
k.
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DBObject

» DBObject is a subclass of Basis
» has a field called defpos
» Otherwise uses the Basis machinery for properties

» The defpos is a unique identifier (uid) for
every object in the database

» There are different ranges, e.g.
» negative for system objects, properties etc
» -1Lis used for an undefined property

» objects such as tables have a defining position in
the fransaction log

» Ranges for objects with shorter lifetimes, e.g.
73 heap, lexical positions, uncommitted objects

DBObiject is a very useful abstract subclass of Basis. It has one new field defpos,
which is a readonly long. This is where unique identifiers come in: all defpos are uids.
The range of values long.MinValue to long.MaxValue is divided into 6 ranges as
described here. Uids are faster to compare than string identifiers, and easy to come
up with a next value.
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Database

» Database is a subclass of Basis

» Lots of properties, and uses mem for objects
BTree< ) > objects => mem;

» Two important static lists

BTree< , FileStream> dbfiles;

BTree< , Database> databases;

» Database has a () method to build from the
transaction log on startup

» Transaction is a subclass of Database

» With a method to append its actions to
/4 the database file

In the demos we have seen reference to databases and dbfiles. Here we see how they
fit into the overall design.



Transaction and B-Tree

The StrongDBMS paper gives a step-by step account of the way Transaction commit
works. This is basically a BTree implementation for the process described earlier (slide
27).

Suppose we have a database in any starting state DO.

If we start a transaction TO from this state, initially the TO is a copy of DO (i.e. equal
pointers).

As TO is modified it becomes T1, which shares many nodes with DO, but not all.

DO also evolves as some other transaction has committed, so D1 has a new root and
some new nodes.

When T1 commits, we get a new database D2 incorporating the latest versions of
everything.
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RowSet review

» Parser turns SQL statements into Executables
» Execution is on RowSet not Query objects!

» So in v7 we review rowsets at end of parse
» No point in optimising queries

» SELECT <Iltems> FROM <TableExpression>
» Many RowSet types work on simple columns
» Others allow expressions for items, tables

» Many RowSets are updatable
» Some more with help of adapter functions...

76

Many other DBMS describe their process of “Query
optimisation”.

The result of parsing data manipulation language in Pyrrho v7 is not an optimised
Query but a possibly updatable RowSet.

So instead of Query Optimisation, Pyrrho v7 has RowSet review. In this process as we
will see, filters and aggregations are pushed down from the query level as far as
possible towards the table level.

For example, during Rowset Review we replace selection from views and joins by
selection underlying tables. This leads to a simple implementation of updatable views
and joins.
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Demo 3 : Views

» This demonstration explores the operation of
RowSets

» We will see that some RowSets can be used
for update, insert and delete actions in
addition to queries

» We will see the use of precompilation of
complex database objects

» We will see that RowSet analysis helps
ensure that operations on Views are
implemented as operations on the (possibly
remote) base tables

77 » But only if the user has the right permissions

This demonstration explores the operation of RowSets

We will see that RowSets can be used for update, insert
and delete actions in addition to queries

We will see the use of precompilation of complex
database objects

We will see that RowSet analysis helps ensure that
operations on Views are implemented as operations on
the (possibly remote) base tables, but only if the user
has the right permissions.
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The slide shows a client command window, a glimpse of

a File explorer, and a window for Visual Studio. This

demonstration traces through part of test12 of the PyrrhoTest program using the
Visual Studio debugger. In Visual Studio, open the PyrrhoSvr solution in the
src\Shared folder of the distribution. Set the debug properties of the PyrrhoSvr
project to have -d:\DATA in the Command line arguments.
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From the Debug menu, select Options.. and ensure that
the “Step over properties and operators (Managed
only)” in Debugging/General is checked. Click OK.



IC: \PyrrhoDB7@\Pyrrho>

1hoDB70\Pyrrho\src\Shared\bin\Debug\PyrrhoS

File Edit View
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Now click Start in the debugger, and in the popup command window, click Enter. We
hide this window because it is not going to do anything interesting during this demo.

We want to ensure that the database folder that we are using for our databases is
currently empty before we start the demonstration.



B8 Command Prompt - PyrthoCmd 12
rrhoDB7@\Pyrrho>PyrrhoCmd t12

PyrrhoCmd t12

SQL>

o/ File Edit View Git Project Build Debug Test Analyze Tools Extensions
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In a command window set to the distribution folder,
start the command line client PyrrhoCmd for database
t12. We see that the database is created by the server.



¥ Command Prompt - PyrthoCmd t12
C:\Users\Malco>cd \pyrrhodb70\py*
C:\PyrrhoDB70\Pyrrho>PyrrhoCmd t12

SQL> create table p(q int primary key,r char,a int)
SQL> create view v as select q,r as s,a frop p
sQL> table "Log$" *

ey

create table p(q int primary key,r

create view V as select q,r as s,a

tabie "Log$"
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b

RIPTY Team Expl...

2 & 9 Shared master

In the command window, enter commands to create a
table P with three columns, and a View which uses this
table, renaming a column. We also want to look at the
transaction log.
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In the log file, we see that the View definition in the
database file is just recorded as the source of the select
definition of the view.

When the server processes this, on load or on definition,
it creates some compiled components, so that this
statement doesn’t have to be parsed every time it is
used.
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Let’s pause the server so we can look at the precompiled objects. Notice | have
docked the Watch window as a tabbed document.
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In the Watch window, examine
Database.databases["t12"].objects[155] the View

position. We see that there is a View defined in the
Value.
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Let’s expand that (it takes the server a moment to do it),
and we see that there is a Framing field, and this
contains the compiled components of the definition.
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Right click, and Copy the value of the framing field.
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Open a Notepad window, and click Paste. We see there is
a fair bit in the framing field. We don’t need to look at all
this detail. All we want to do here is to see that the
Framing is in four parts. We add a little white space in
the next slide
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for the rowsets, and a list of results.
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Just now, we will delete everything except the first two
lines, which are the details for table P.
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Let’s also paste the View definition from the Watch
window in here, so that we can see what’s going on. We
notice straightaway that the Domain of the View and the
domain of the table don’t match.

There is a relationship, as the types of the columns
match, but the uids are all different. In the table, they
are of the columns, but in the View these are some of
the compiled objects.
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In Solution Explorer, scroll down to find View at the end
of Level 3, and double-click.
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|
|PTable |23 | Name
INTEGER |PDomain |29 | 2
Q for 23(@)[29] |PColumn3 |4 | Ljn2
( 16 |

|PIndex

File Edit Format View Help

T PRRORABNN G D

e e e e

S

Edit View Git Project Build

Extensions  Window  Help

Debug  Test  Analyze

Tools | search.. P PyrrhoSvr - o X

= | P Continue ~

.cs W X w & Solution Explorer ¥ B X
s @8 - "
®, Fix(Context cx) = = search Solution Explor 2 ~

b v c= Trigger.cs ~
b v € Usercs
ho D & Theea ong why) . b v €= Value.cs

1c
ce(Context

~| "% Pyrrho.Level3.View

pyrrl
/ (<) @, Instancel I
This sof @ Modify(d
// You can |®, New(BTree<long, object> m)

// You may |@, New(Context cx, Blree<long, object> m)

// and auth
77 ALl othe @vOninstance(Context cx, long dp)

b v = View.cs
, RowSet f) Leveld

v € Activatior
v ¢ Context.c
v € Group.cs
v € Join.cs
7€ MergeRes
v ¢ ParseClast
v € Parser.cs
v €= RowSet.cs
v €* Riree.cs

// this tec B operator +(View v, (long, object) x)

®, Relocate(long dp)
=Inamespace P ” .
@, RoleClassValue(Transaction tr, DBObject from, ABookmark<long, object> _enu)

S su @, RolelavaValue(Transaction tr, DBObject from, ABookmark<long, object> _enu)
A d @, RolePythonValue(Transaction tr, DBObject from, ABookmark<long, object> _enu)

TY TV TOYTY

The v c* Symbols.c
Thel @, Rowsets(Context o, From f, CTree<long, Finder> f) v I
@ Noissues 1oL ©_scan(BTree<long, VIC?> 1) b .

K targets Y master « B

Find the Instance() method, and click on it.
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ction for 5 Rol

|Domain INTEGER

|PColumn3 Q for 23(@)[29] |PColumn3
|PIndex P on 23(43) PrimaryKey |PInd

| Domain Cyg ST

File Edit Format View Help

PrRro@amsN OGO

L>

<« Syste.. > D

Name

] 112

23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

P~ = P Continue ~

Watch 1 View.es & X LUAENY
| "% Pyrrho.Level3.View ~| @, Instance(Context cx, RowSet f)
ST YEC g DRI X3 W GBI, TR uOwaC e Same T Uv, e
Once built we invert the tree to D'(V,K,F) (called refobs).
We start to Instance the references we know about, but
every time we add a V to obuids/rsuids we cascade to instance K's
in method OnInstance. Once obuids and rsuids are built we call Fix oo

internal Rowset [instance(Cc

var oor = cx.rsuids;

// For Fix to work, obuids and rsuids are both view->from
cx.obuids long, long?>.Empty;

cx.rsuids = BTreeclong, long?>.Empty;

var st = framing.result;

cx.affected = framing.withRvv;

if (cx.srcFix == )

© No issues found N < Ln: 141 Ch:25  MIXED  CRLF
A2 &£ 9 & Shared

Search.. P | PymhoSwr

& Live Share

Solution Explorer ~ 1 X

@8 o~

Search Solution Explor 0 ~

v
Ve
v
v

Trigger.cs ~
User.cs
Value.cs
View.cs

Leveld

v
vcn
ven
v e
v
v
v
v
vcs
v

s en

Y master a

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClast
Parser.cs
RowSet.cs
Riree.cs
Symbols.c _

SuctemBe

)

In the Instance() method, set a break point at line

143,
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« Syste..
Name
0)[29] |PColumn3 (w2

PrimaryKey |PIndex

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
BBl 135],[93,00main CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools ... 0O PyrrhoSvr
Extensions Window Help

0~ - | p Continue ~ | "a @ 9 >

Watch 1 View.cs + X LoULENY Start.cs m X v 0 X

~ | "%, Pyrrho.Level3.View - | @, Instance(Context cx, RowSet ) a8 -

InstanceOb(cx, defpos, @); “ W search Solution Ex P~
InstanceOb(cx, st, @); -
InstanceRS(cx, st, 0); v €= Trigger.cs
// Cascade has finished. Fix() everything. v € Usercs
.Fixall(defpos); 7 Value.cs
/ All done, so finish up v € View.cs
var vp = cx.rsuids[rf.defpos].value; Lavald
var r = cx.data[vp]; 5
r 4= (Q Where, f.where); -
r4= ( Matches, f.matches);
y.Aggregates, f.aggs); £
r += (_Domain, r.domain + (Domain.RowType, ck.Fix(rt))); e
cx.data += (f.defpos, r); v
cx.obuids = oobj v = ParseClas:
v
v
v
v

Activatior
c* Context.c
= Group.cs
€ Join.cs

MergeRes

cx.rsuids = oor; Parser.cs

RowSet.cs
}

S internal void OnInstance(Context cx, long dp) <

@ No issues found LA 4 » Ln: 141  Ch:25 MIXED  CRLF

# 99" @ Shared Y master o

Rlree.cs
Symbols.c

4 £% SuctemBe

and also a breakpoint at line 186, at the end of the
Instance method. The View.Instance() method responds
to a reference to the View.



« Syste.. > Df

Name
| PDomain
|PColumn3 43 | 112
|PIndex 64

CUSRUBY

Edit Format View He
EJ OB (Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
= 135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

P
5
2
3
6
8
9.
1
1
1
0!

pq) Fle Edt View Gt Project Buld Debug Test Ambze ook |socn. D | Pymhos
Extensions  Window Help
: 0~ -2 W inmo|>e -, & Live Share

% Pyrmo.L «| ®, Instance(Context cx, Rowset f)

|
|
|
|
|
|
|
|
|
|
|
|
|
IS¢

}

for (var b = ma.First(); b != null; b = b.Next()) v € Trigger.cs +
rt += b.key(); v €= User.cs

var rf = cx.data[st]; €= Value.cs

// Cascade: Instance the top objects: €= View.cs

InstanceOb(cx, defpos, @); Leveld

InstanceOb(cx, st, @); Activation

InstanceRS(cx, st, @);

// Cascade has finished. Fix() everything.

cx.FixAll(defpos);

// A1l done, so finish up

var vp = cx.rsuids[rf.defpos].Value; MergeRes

var r = cx.data[vp]; ParseClast

r += (Query.Where, f.where); Parser.cs

r 4= ( ._Matches, f.matches); RowSeb.cs

r 4= (Query.Aggregates, f.aggs); Rires.cs

r += (_Domain, r.domain + ( .RowType, cx.Fix(rt)));

cx.data += (f.defpos, r); -
© No issues found AR Ln:141  Ch:25  MIXED  CRIF

# 99 @ Shared Y master « B

Context.c
Group.cs
Join.cs

Symbols.c
SurtamPa b
»

Click Continue, to allow the server to continue
execution.



[E§ Command Prompt - PyrrhoCmd 12 - 0 X
« Syste... > D,

Name

(8)[29] |PColumn3 3 L] t2
|PIndex P on PrimaryKey |PIndex
|Domain CHAR | PDomain
93 |PCclumn’ R for 1)[8@] |PColumn3

;, insert into v(s) values('Twenty'),('Thirty' )k
A File Edit View Git Project Build Debug = Test Analyze Tools
Extensions  Window  Help

i@~ SO WM - Q. Continue - | W& @ .M m O

Search...

Viewes + X LGN

| %% Pyrrho.Level3.View +| @, Instance(Context cx, RowSetf)  ~|% a8 o "
i Search Solution Explor P ~
for (var b = ma.First(); b != null; b = b.Next()) b v e Trigger.cs +
rt += b.key(); b v Usercs
var rf = cx.data[st]; b v c* Valuecs
// Cascade: Instance the top objects: b v c® View.cs
InstanceOb(cx, defpos, @); Leveld
InstanceOb(cx, st, @); b ¢ c* Activatior
InstanceRS(cx, st, @); .
// Cascade has finished. Fix() everything. b O Contaltc
A1l (defpos); b v c= Group.cs
// All done, so finish up b v Join.cs
var vp = cx.rsuids[rf.defpos].value; b v c* MergeRes
var r = cx.data[vp]; bvc
where, f.where);
_Matches, f.matches);
Aggregates, f. aggs)
in, r.domain + (Domain.RowType, cx.Fix(rt)));
cx.data += (f.defpos, r);

* ParseClast
b v ¢ Parser.cs

b v c* RowSet.cs
P v c* Riree.cs

b v c* Symbols.c _

b s c8 GuetemRe

100% ~ @ No issues found N 4 4 Ln: 141 Ch:25  MIXED  CRLF

N2 #9 @ Shared YV master» B

We are going to use the View definition to insert rows
into the table P. This is obviously not what views are
normally used for, but in this demonstration, we show
that we have updatable views. Views can be used,
provided the permissions are set correctly, to make
modifications to the underlying tables.



|PTransaction for

5 |PTable P
|Domain INTEGER
|PColumn3 Q for 23(e)[29]
|PIndex P on 23(43) PrimaryKey
|Domain CHAR

3 |PColumn3 R for 23(1)[80]

= ==z 21« syste.. > D,
48|PTransaction|s

|PTable |23

| PDomain Name

|PColumn3

|PIndex 1112

|PDomain

|PColumn3

|PColumn3 |115

-5e1 Time=11/05/2021 20:32:48|PTransaction|137

select g,r as s,a from p

rt into v(s) values('Twenty'),('Thirty')

File Edit View Git Project Build Debug Test Analyze Tools

Extensions  Window  Help

@ - -0 W ~| b Continue - | s [@ .5 1 W ©

View.cs + X LSULIESTS
~| "% Pyrrho.Level3.View

Start.cs m X w # Solution Explorer ~ § X
| @, Instance(Context cx, RowSet f) a8l o "

every time we add a V to obuids/rsuids we cascade to instance K's “ W Search Solution Explor O ~

in method OnInstance.

Instance(Context cx, RowSet f

Once obuids and rsuids are built we call Fix. -
b v c= Trigger.cs +

v € User.cs

. v ¢ Value.cs

VirtualRowSet #1 = Viewes
Leveld

v € Activatior

v = Context.c

> @ f | (VirtualRowSet #13(F15[%0,%) targets: 155=713} =

cx.rsuids;

v €% Group.cs

work, obuids and rsuids are both view->from v € Join.cs
cx.obuids <long, long?>.Empty; v € MergeRes
x.rsuids <long, long?>.Empty; v ¢ ParseClas:
var st = framing.result; v €* Parser.cs

cx.affected = framing.withRvv; v

if (cx.srcFix == 0)

cx.srcFix = cx.db.lexeroffset;
LEmpty; v

var rt t<long>
@ No issues found

When we click Enter for

Studio stops at the break point. The Instance() method
has a RowSet parameter RowSet f (its uid identifies the

position of V in the com

RowSet.cs
v ¢ Rlree.cs
v € Symbols.c

4 0% SuctamBa

Ln: 143 Ch:13  MIXED  CRLF »

# 99 @ Shared 'Y master « B

this insert statement, Visual

mand): it is a VirtualRowSet.
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.|.
ction for E i / 8|PTransact

|PTable P |PTable
|Domain INTEGER | PDomain
|PColumn3 Q for 23(@)[29] |PColumn3

|PInd
|Domain CHAR |PDomain
[PColumn3 R for 23(1)[80] |PColum
5|PColumn3 A for 23(2)[29] |PColum
|PTransaction for 1 Rol 501 Time=11/05/2021 20:32:48|PTransaction

a from p

Te———————————

), (*Thirty")

file Edit View Git Project Build Debug Test Analyze
Extensions  Window  Help

0~ = P Continue ~ | s | [@

Watch1 + x NI2RY PyrrhoSvr Startcs X = # Solution Explorer ¥ B X
Search (Ctrl+E) Search Depth: 3~ | 4T @8 o~

Value Type arch Solution Explor @ ~
b ¥ Database.databases["t12").objects[155] {View Name=V 155 Definer=-502 Ppos=155 Q... object {Pyrrho.Lev... b
» @ f {VirtualRowSet #13(#15|%0,%1) targets: 155=... Pyrrho.Leveld.Ro...

v ¢ Trigger.cs ~
v
Add item to watch [ e I ;
v

€ User.cs
c* Value.cs
< View.cs
Leveld
Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Rlree.cs
Symbols.c _

SuctamBe

A2 #£9 ©Shared YV mastera B

Use the Watch window to examine f. Right-click and copy
its value into our Notepad.



Untitled - Notepad

Edit Format View Help

23 (43,93,115)

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,0omain

135],[93,Domain CHAR],([115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

/1 File Ed{view Name=V 155 Definer=-502 Ppos=155 Query select q,r as s,a from p Ppos: 155 Cols
N (A:160[23],Q:158[23],R:159[23],5:159[23]) Domain TABLE (158,159,160)([158,Domain
135],[159,00main CHAR],[160,Domain 135]) Targets: 23}

Extension

E 1

{VirtualRowSet #13(#15|%0,%1) targets: 155=#13}

#13(#15|%0,%1)

155 (158,159,160)

UTF-8

b vee
b vee
p v
b v

b v
b v
b v
b v
b v
pven
b v
b vce
b vece
b v

This domain seems different again, and the notation needs explanation. As
mentioned, #13 is V’s position in the command, and #15 S’s position. These notations
stand for long integers above 2260 0x500000000000000d and 0x500000000000000f
respectively, and %0 and %1 are 0x7000000000000000 and 0x7000000000000001
respectively. (We will soon see !0 which is 0x4000000000000000.) These are long

integers unlikely to clash with file positions.

@ Shared

N osen

'Y' master «

@da|o- "

olution Explor L ~

Trigger.cs =
User.cs
Value.cs
View.cs

Leveld

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbols.c

SurtemPa
»

20
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In the Watch window, expand f to get a closer look at the domain. Paste its value into

the Notepad.

« Syste.. > D,

| PDOmain Name
| PColumn3
|P1 [ Jnz

File Edit Format View Help %
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
35],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools

Search.. P PyrrhoSvr
Extensions  Window  Help

©- e M -| b continve - | % [@ i om O[> ¢

Watch 1 + > JIETES PyrrhoSvr Start.cs wm X = % Solution Explorer ~ 1 X
Search (Ctil+E) Search Depth: 3~ | 4T @ o 7

Value Type
{VirtualRowSet #13(#15/%0,%1) targets: 135=%... Pyrtho.Leveld.Ro...
TableColsOk false bool
» 2ggs & Pyrthe.Common...
@alias null string -
i v € View.cs

assig i+ Pyrtho.Common....

built false bool eveis

classification [ Pyrrho.Level3.Level ¥ € Activatior

dbg 0x000000000000152a long ¢ €* Context.c

definer OxSFFFFFFFFFFAFeF long ¢ € Group.cs

defpos leng v € Join.cs

dependents Pyrtho.Common.... v ¢+ MergeRes

+ € ParseClas:

¢ € Parsercs

¢ € RowSet.cs

¢ c* Riree.cs
Pyrtho.Leveld Fra + € Symbels.c

OxFFFFFTFETFfE long o st o i

OxfFFFFFFFFFFEFef long L

# 99 & Shared Y master B

earch Solution Explor 2
b v o Tiggercs =

¢ € Usercs

v €= Valuecs

e VD% %%
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|PTransaction B e i y ] 8|PTransaction
|[PTable P |PTable
IDc

|PDomain
|PColumn3

|PIndex P on PrimaryKey |PIndex
|Domain CHAR |PDomain

Extensiof

(<13

Watch1 & X
Search (C!

Name

INTEGER]) }|
0

7 *Untitled - Notepad X
File Edit Format View Help

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

{View Name=V 155 Definer=-502 Ppos=155 Query select q,r as s, from p Ppos: 155 Cols
(A:160[23],Q:158[23],R:159[23],5:159[23]) Domain TABLE (158,159,160)([158,Domain
135],[159,Domain CHAR],[160,Domain 135]) Targets: 23}

{virtualRowSet #13(#15|%0,%1) targets: 155-#13}
{Domain TABLE (#15|%0,%1) Display=1([#15,Domain CHAR],[%0,Domain INTEGER],[¥1,Domain

CHART, [%0,

We notice that not only are the uids different, they are also in a different order.

Continue to the next

Ln 6, Col 97 100%  Windows (CRLF) UTF-8

« Syste.. > D
Name

]t2

Live Share

Solution Explor R ~
b v c= Trigger.cs ~
v € User.cs
v €= Value.cs
v € View.cs
Leveld
Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs

OxFFFFEFFFFFF
OxfFFFFFEFEFEFSE

Symbols.c

GuctamPe

22 &9  © Shared Y master

break point.
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PColumn3 Q for 23(@)[29]
PIndex P on 23(43) PrimaryKey

48|PTransaction
|PTable
|PDomain
|PColumn3
|PIndex

<« Syste.. > D,

Name

] 112

| PDomain

| File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
1 135], [93,0omain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

T PRRORA BN

]

File Edit View Git Project Build Debug Test Analyze Tools ... O PyrrhoSur
Extensions  Window  Help

- b Continue~| & |[E i om O > ¥

< v % Solution Explorer * 1 X

View.es + X LGN
G PyrrhoSvr - | %%, Pyrrho.Level3.View

~| @y Instance(Context cx, RowSet f) &8 -

177 var vp = cx.rsuids[rf.defpos].value;
cx.data[vp];
Where, f.where);
Matches, f.matches); b v e Usercs
(Query.Aggregates, f.aggs); b v €= Veluecs
= (_Domain, r.domain + (Domain.RowType, cx.Fix(rt))); b v = View.cs
cx.data += (f.defpos, r); Leveld
cx.obuids = ocob; 7 €% Activatior
cx.rsuids = oor;

return rj
} v € Group.cs

v €= Join.cs

Search Solution Explor 0 ~

b v c* Trigger.cs -

v ¢ Context.c

internal void OnInstance(Context cx, long dp) b v c* MergeRes

{ b v € ParseClas:
for (var b = framing.refObs[dp]?.First(); b != null; b = b.Next()) bl Posiscs

b v c* RowSet.cs

b v c* Rlree.cs

b v c Symbols.c

b s 08 SuctamPe

.key(); // K of original D(K,V,F) table
.value() ?? VIC.None;
Flag(VIC.0K)) I
© No issues found R Ln:185  Chi13  MIXED  CRLF
N2 499 @ Shared 'Y master o 2

We are at the end of the Instance() method. Now examine the return value from the
Instance() method in the Watch window.
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|-=-1--
|PTransaction for 5 Rol
|PTable P |PTable
| PDomain
|PColumn3
|PIndes
|PDomain

« Syste.. > D,

REBV

File Edit Format View Help

R {Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
811357, [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

file Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

Search.. P | PymhoSvr

= P Continue~ | B i m O |>¥ 21 - |2 Live Share
Start.cs m X « # Solution Explorer ~ 1
Search (Ctrl+E) Search Depth: 3~ | §¥ @8 -
Name Value Type
» J Database.databases["t12"].objects[155]  {View Name=V 155 Definer=-502 Ppos=155 Q... object {Pyrrho.Lev. b v O Tiggercs s
» O f {VirtualRowSet #13(#15|%0,%1) targets: 155=%... Pyrrho.Leveld.Ro T
» @ r {SelectedRowSet %7(#15,%0,%1) key (%0,#15,... Pyrrho.LeveldRo.. :
|

b
b v € Value.

| Add item to watch | alue.cs
b v c® View.cs

SelectedRowSet et
v € Activatior
v €= Context.c
v € Group.cs
v € Join.cs

v €* MergeRes
v ¢ ParseClas:
v €% Parser.cs

v €% RowSet.cs
v ¢ Riree.cs

v € Symbols.c

Search Solution Explor 0 ~

o GuetemBe
»

# 99" @ Shared Y master « B

ris a SelectedRowSet. Paste its value into the Notepad.
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|PTable

P
Domain INTEGER |PDomain

» J Databa
v @ f
b@r

Ada

This completes the analysis: We can now see that the SelectedRowSet has a map
taking the uids %0, #15, %1 to the table columns 43, 93, 115 of P (not V).
As its name implies, SelectedRowSet is normally used for retrieving data but we can

|PColumn3 |43
|PIndex |64
|PDomain |se

1) *Untitled - Notepad

Edit Format View Help

{View Name=V 155 Definer=-502 Ppos=155 Query select q,r as s,a from p Ppos: 155 Cols
(A:160[23],Q:158[ 23] ,R:159[23],5:159[23]) Domain TABLE (158,159,160)([158,Domain
135],[159,0omain CHAR],[160,Domain 135]) Targets: 23}

{virtualRowSet #13(#15|%0,%1) targeL: 155=#13}

{Domain TABLE (#15|%0,%1) Display=1([#15,Domain CHAR],[%0,Domain INTEGER],[%1,Domain
INTEGER]) }

| {selectedrowset %7(#15,%0,%1) key (X0,#15,%1) targets: 23=%7 Source: 64 SQMap: (#15=

%7[93],%0=%7[43],%1=X7[115])}

(#15=%7[93],%0=%7[43

Lng, Col 114 100%  Windows (CRLF) UTF-8

« Syste.. > D,

Name

t12

& 8

-

olution Explor R =

b ven
b v
v
v

Trigger.cs ~
User.cs
Value.cs
View.cs

Leveld

v
v s
v s
v s
v
v s
v o
v
v
ven

s ew

@ Shared  'Y" master

use it for insert, update and delete also.

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbols.c <

SurtamBe

2o
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|PTable
|Domain INTEGER |PDomain
|PColumn3 Q for 23(@)[29] |PColumn3
|PIndex P on 23(43) Primary |PIndex
|Domain CHAR | PDomain
| PColumn - e - o
5|PColumn
|PTransad
EIPSGIMRN Filc Edit Format View Help

Do BN !
B

U888

et

TE R

a3 135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

« Syste.. > D.

Name

t12

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

i0- T | » Continve~ | ® | @

Watch1 + x JEIES PyrrhoSvr
Search (Ctrl+E) P~ Search Depth: 3

Name Value Type

» M Database.databases["t12"].objects[155] {View Name=V 155 Definer=-502 Ppos=155 Q... object {Pyrrho.Lev...
ref {VirtualRowSet #13(215/%0,%1) targets: 155=%... Pyrrho.Leveld.Ro...

O [{SelectedRowSet %7(315,%0,%1) key (%0,#15,...| Pyrrho.Leveld.Ro...

# 9" @ Shared

Back in Visual Studio, Step Over

Search PyrrhoSvr

Search Solution Explor 0 ~

b vee
b vee
b ves
bvee

Trigger.cs +
User.cs
Value.cs
View.cs

Leveld

.
=
e
=
e
e
e

'Y master

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbols.c _
GuetamBe

>

o
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[T

|PTransaction for 5 Rol im y 8|PTransaction
|PTable P |PTable
|Domain INTEGER |PDomain
[PColumn3 Q for 23(@)[ |PColum
|PIndex P on 23(43) Prima |PInde;
|Domain CHAR |PDomain
| PColumn gy - — »
5| PColumn s
37 |PTransac
PEILIROARNE Filc  Edit Format View Help

™o

P — — —

WIBAEUEEIA ! 135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

« Syste... > D

Name

j a2

| BB (Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

File FEdit View Git Project Build Debug Test Analyze Tools 2
Extensions  Window  Help

L@~ T - | b Continue - | ¥a | @ O[>t 2t el

PyrrhoSvr

Watch 1 View.es & X LGN Start.cs m X
~| %%, Pyrrho.Level3.View +| @, RowSets(Context cx, From f, CTree: |3
T e T A U WD O BB SRR S e ear g
but we may need to group by the other visible remote columns.
6. With joins we need to preserve columns referenced in the join ¢
and keep track of keys. Then perform the join with the target inste

summary

internal override void Ro

cx. Install2(framing);
lar rf = Instance(cx, new VirtualRowSet(cx, f, fi));
cx.data += (f.defpos, rf);

summary>

API development support: generate the C# information for a RolesCl:
>the From</param
the bookmark in the RoleObjects enumeration</pa

;239 Chi13  MIXED  CRLF
& 99* @ Shared

We see that Instance() was called from View.RowSets().

Step Over

> & Solution Explorer

Search Solutio:

b e
b vee
b vee
b e

Trigger.cs +

User.cs

v § X

Value.cs

View.cs

Leveld

v € Activatior

Ve
ves
ves
Ve
ven
ves
ves
v
ves

40w

Y master «

Context.c
Group.cs

Join.cs

MergeRes
ParseClas:
Parser.cs

RowSet.cs

Riree.cs

Symbols.c

SurtamBe

»

L)
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<« Syste.. > D,

|PTransaction
PTable P |PTable
Domain INTEGER |PDomain Name
PColumn3 Q for 23(e)[29] |PColumn3 A
PIndex P on 23(43) Primary |PIndex | t12
|PDomain

N File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

File Edit View Git Project Build Debug Test Analyze Tools
Extensions Window  Help

ie- | » Continue ~ Paom® >y

Search.

Watch 1 View.cs PyrthoSvr [Nl ~ &  Solution Explorer ~
~| %%, Pyrrho.Level3.From ~ | ©, RowSets(Context cx, CTree<long, F + /5= &8 -

Search Solution Explor £~
return target==t;

} b ves Tnlber.cs -
b v € Usercs
internal override RowSet RowSets(Context e€x, CTree<long, Ro: .Fi b v c* Value.cs
b v c= View.cs
Leveld
v €* Activatior
v ¢ Context.c

if (defpos == Static)

return new Tr 1RowSet (defpos, cx, new TRow(domain, cx.values),
if (cx.data.Contains(defpos))

return cx.data[defpos];
cx.obs[target].RowSets(cx, this, fi); v € Group.cs
return cx.data[defpos]; v ¢ Joincs
7 € MergeRes
v € ParseClast
v C* Parser.cs
v €* RowSet.cs
v ¢ Rlree.cs
v ¢ Symbols.c

Wi 8 SuetemRe
»

Check a new table check constraint
tr">Transaction</pa
“c">The new Check constraint<

+ornal unid Tahlarherl/Tr
¥

= in .. Lo
@ No issues found i 4 Ln:302  Ch:13  SPC  CRLF

# 99  © Shared Y master By

We are now back in From.RowSets(). Step Over
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ction for 5 Role:

9 |Domain INTEGER |PDomain
3 |PColumn3 Q for 23()[29] |PColumn3
|PIndex P on PrimaryKey |PIndex

|Domain CHAR |PDomain

4
0
E]
1
3

|
5|PColumn
7|PTransad =

EIPSPO il cdit Format View Help

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

PR RORaBNR M

L

P ——————]

File Edit View Git Project Build Debug Test Analyze Tools
Extensions Window Help

o - - | b Continue ~ BO > @,

Search.. P | PymhoSvr

Watch 1 View.cs PyrrhoSvr Parsercs W X
[€#] PyrrhoSvr | %%, Pyrrho.Leveld.Parser + | @, ParseSqlinsert() & o "
}

Search Solution Explor 0 ~
else -
care: we might have e.g. a subquery here b v = Trigger.cs ~
esqlvalue(fm.domain) ; b v ¢ Usercs
// tolerate a single value without the VALUES key b ¢ €* Valuecs
y(vp, ¢x, sv.domain, new CList<long>(sv.deff b v = View.cs
= fm.domain.DisplayOnly(); Leveld
vardsie = 5\2.Ror;5&t§vp, ex, vd); o8 Ao
cx.data += (vp, sce); .
var rs = fm.Rowsets(cx, CTree<long, Rowset.Finder>.Empty); 8 Condet
if (rs is TableExpRowSet te) & Groupcs
rs = cx.data[te.source]; v € Join.cs
rs += ( ._Source, sce.defpos) ; v € MergeRes
cx.data += (rs.defpos, rs); v c* ParseClast
// the columns of sce must be assignment compatible to fm ves
// and have the same length as fm.display
// The Sqllnsert constructor (in From) maps fm to tb cols
// Columns after fm.display are needed for where conds etc
Al v € Symbols.c
Sq1I t(lp, fm, prov, cx.data[fm.defpos]); v o e

» Ln: 6604 Ch:13  MIXED  CRLF »

# 99  © Shared Y master « B

Parser.cs
v €= RowSet.cs
v €* Rlree.cs

This takes us back to Parser.ParseSqglinsert. Step Over

some more until line 6626.
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-1 «
|PTransaction for 5 Role=-502 User=-501 Time=11/@5/2021 20:32:48|PTransaction

|PTable P |PTable

Domain INTEGER |PDomain Name
|PColumn3 Q For |PColumn3

|PIndex P on 23(43) PrimaryKey |PIndex ju2
|Domain CHAR | PDomain

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
Indexes: ((43)64) KeyCols: (43=True),

Syste...

File Edit View Git Project Buld Debug Test Anabze Took  sepch. O pymhoSwr
Extensions  Window Help

e - -0 WM = | P Continue - | i | [@ - o)l e SHPRS i ee 12 LiveShare &

Watch 1 View.cs PyrrhoSvr SR ~ & Solution Explorer
~| "% Pyrrho.Leveld.Parser ~ | ®, ParseSqlinsert() @3

r: w B

o~

Next(); Search Solution Explor £ ~

if (cx.db.user.defpos != cx.db.owner)
throw new O on("42105") 5 b
s += (DBO Classification, MustBelevel());

3
b
3

~(cx.parse uteStatus.Obey 8& cx.db is Transa

= Value.cs
€ View.cs
Leveld

cx.result = s.value; € Activatior

ex.Review(cx. data[cx. result],CT ce T JEmp' .
cx = tr.Execute(s, cx);

_id [ whereClause] .

parsesqlelete() -
© No issues found Ln: 6626 Ch:17  MIXED  CRLF

N2 #£99 @ Shared Y master o

At line 66626, Step Into Transaction.Execute()

Context.c

€* Group.cs
c* Join.cs

MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs

v ¢ Trigger.cs +
v € User.cs
v
v

Symbols.c

SuctamRa
»

N
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« Syste... > D]

|PTransaction

|PTable P

|Domain INTEGER mai Name
|PColumn3 Q for 23(0)[29] 3 i
|PIndex P on 23(43) Primar: X 112

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,00main CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

file Edit View Git Project Build Debug Test Analyze Tools seucn. O PymhoSwr
Extensions  Window  Help
S0~ | P Continue ~ i m® v @-

Watch 1 View.cs PyrrhoSvr QEIETIRER I ~ &  Solution Explorer ~ 4 X
- | "% Pyrrho.Level3.Transaction - | @y Execute(Executable ¢, Context cx) Ao "
r.Add(5q1x.CONNECTION_NAME, new TChar(name)); arch Solution Explor D ~
1EMBEDDED -
.Add(Sqlx.SERVER_NAME, new TChar(Pyr t.host)); v © Trgger.cs &
v € User.cs
<. TRANSACTIONS_COMMITTED, diagnostics[Sqlx.TRANSACTIONS_CC = Value.cs
TRANSACTIONS_ROLLED_BACK, diagnostics . TRANSACTIONS_ o View.cs
return r; = Leveld
} = Activatior
c= Context.c
c* Group.cs
if (cx.parse != Exec t Obey) € Join.cs
return cx; = MergeRes
var a = new Acti on(cx,e.label); c* ParseClast
a.exec = e;
var ac = e.Obey(a); // Obey must not call the Parser!
if (a.signal != null)

internal Con

€= Parser.cs

€ RowSet.cs
Riree.cs
Symbols.c

SuctemBe

var ex = Exception(a.signal.signal, a.signal.objects); v
© No issues found v 4 S50 T T 37 che MIED CRIF
# 9%  © Shared Y master » By

In Transaction.Execute(), Step Over until line 322.
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|Domain INTEGER
|PColumn3 Q for 23(8)[29]
|PIndex P on 23(43) PrimaryKey

FUSRELEL

file Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
Indexes:((43)64) KeyCols: (43=True),

ot

TERROR RN !

« Syste... > D

Name

j 2

Edit View Git Project Build Debug Test Analyze Tools W P PyrrhoSvr
Extensions  Window  Help

o T | » Continve ~ | 5 | @ =5

& Live Sh

are

Watch 1 View.cs PyrrhoSvr LETEETIRIIE T ~ & Solution Explorer ~ § X

~ | % Pyrtho.Level3. Transaction ~ | ©, Execute(Executable &, Context cx) |3

.Add(Sq1x.CONNECTION_NAME, new TChar(name));

.Add(Sqlx.SERVER_NAME, new TChar(PyrrhoStart.host));

.Add(Sqlx. TRANSACTIONS_COMMITTED, diagnostics[Sqlx.TRANSACTIONS_CC
r.Add(Sqlx. TRANSACTIONS_ROLLED_BACK, diagnostics[Sqlx.
return r;

¥

internal Con Execute(Exec

if (cx.parse != Execut
return cx;

var a = new ation(cx,e.label);

a.exec = e;

var ac = e.Obey(a); // Obey must not call the Parser!

if (a.signal != null)

var ex = Exception(a.signal.signal, a.signal.objects); =

@ No issues found LA » 32 Ch1s MIXED | CRUF

G

rch Solution

T
Explor P ~

b v c* Triggercs ~

b ves

User.cs

b v = Value.cs

b e

View.cs

Leveld

b e
cx
o=
cs
c=
cn

A2 #99" © Shared Y master o

At line 322, Step Into Obey()

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClast
Parser.cs
RowSet.cs
Riree.cs
Symbols.c _

SurtamPRe

Y
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113

|PTransaction for S Rol :48|PTransaction
|PTable P

|Domain INTEGER
|PColumn3 Q for 23(0)([29] |PColumn3

File
Extensions

(<13

Watch 1

/=1 Readv

Edit

|PTable
|PDomain

|PIndex
|PDomain

Format View Help

<« Syste..

Name

] 012

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

Edit View Git Project Build Debug Test Analyze Tools
Window  Help

View.cs

ch
@ No issues found

Search...

| b Continue - | i | @

PyrthoSvr

~ | %% Pyrrho.Level3.Sqllnsert ~|® Obey(Context cx)

var tg = cx.obuids[target] 2?? target;
if (tg!=target)

r += (From.Target, tg);
var nv = cx.rsuids[value] 22 value;
if (nv != value)

r += (Value, nv);
return r;

}
public override + Obey(Context &X)

var tg = cx.data[nuid];
kx = tg.Insert(cx,cx.data[value],true,provenance, classification);
return cx; 1

}

public override string ToString()
{

var sb = new String er(base.Tostring()); i

Annend (" Tarnet:

< ) 411 Chi13 SPC CRIF
N2 #9 & Shared

In Sqlinsert.Obey, step into Insert()

&8 -

Search Solution Explor 2 =

b v = Trigger.cs

bves
b e
b e

User.cs
Value.cs
View.cs

Leveld

v s
vcs
v
v
v s
v s
v s
v
vcn
ves

V' master «

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Rlree.cs

Symbols.c

GurtamPe

P2y
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ction for 5 Rol
5 |PTable P
[Domain INTEGER
3 |PColumn3 Q for 23(e)[29]
[PIndex P on 23( PrimaryKey
|Domain CHAR
|PColumn v

) File Edit Format View Help

<« Syste...

Name
|PColumn3
|PIndex 12
|PDomain

8 {Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
1135],[93,0Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True)

File Edit View Git Project Build Debug
Extensions  Window  Help

Test  Analyze Tools |seprch. P | Pymhoswr

0~ = | b Continue ~ | ia | @ -

Watch 1 View.cs PyrrhoSvr
~| %%, Pyrrho.Leveld SelectedRowSet
if (defpos < wr.Length)
return this;

var r = (S Set)base._Relocate(wr);

« | ®, Insert(Context cx, RowSet fm, bool +| 3=

ch Solution Explor R ~
b v = Trigger.cs ~
c User.cs

3
4= (SQMap, wr.Fix(sQMap)); b v c* Valuecs
3

wr.cx.data += (r.defpos, r);

return r;

¥

internal override C t Insert(Context cx, R fm, bool iter, stri

var ta = (Targ
if (liter)
return ta;

var data = cx.data[fm.source];

var trs

for (var b = data.First(ta); b != null; b = b.Next(ta))

{

new Transitio

@ No issues found v

This is where the work is

Inserting into a base table often involves Triggers.
Triggers are managed by Activations. Step Over the

< View.cs
Leveld
Activatior
Context.c
Group.cs
on)((DEObject)cx.db.objects[target]). Insert Join.cs
MergeRes
ParseClas:
Parser.cs
Set)ta._trs; el
Rlree.cs
Symbols.c _

SurtemPe

4 Ln:1326  Ch:9  MIXED  CRLF »

onCursor(ta, trs, b.values, b._dei

# 99" @ Shared 'Y master =

done.

creation of the TargetActivation, to line 1328.
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|Domain INTEGER

|PColumn3 Q

|PIndex P on ( PrimaryKey
|Domain CHAR

File Edit Format View Help

48|PTransaction
|PTable
|PDomain
|PColumn3
|PIn
|PDomain

« Syste.. > D

Name

t12

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools ..., P PyrhoSvr

Extensions  Window  Help

o - T ~| P Continue ~ | ig | [&

Watch 1 View.cs PyrhoSvr
- | "%, Pyrrho.Leveld SelectedRowSet

if (defpos < wr.Length)
return this;

B>t 2t 8-

& Live Share

[P - #  solution Explorer ~

var r = (Se )base._Relocate(wr);

r 4= (SQMap, wr.Fix(sQMap));
wr.cx.data += (r.defpos, r);
return r;

—2rnal override C

var ta = (Ta
if (liter)
return ta;
var dataI cx.data[fm.source];
var trs at(Tran et)ta.
= for (var b = data.First(ta); b
{

new TransitionRowS

@ No issues found

text cx, R fm, bool iter, string prov,

t)cx.db.objects[target]).Insert(cx, fm, fa

trs;
null; b = b.Next(ta))

Cursor(ta, trs, b.values, b._defpos, b._pos _
» Ln:1328  Ch:13  MIXED  CRLF

| ©, Insert(Context cx, RowSet fm, bool ~ 3=

@ o
Search Solution Explor £ ~
b v c= Trigger.cs ~
b v € Usercs
b v €= Valuecs
P v = View.cs
Leveld
= Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbols.c _

QuctamPRe

P2 #£9  OShaed Y mastera B

At line 1328, use the Watch window to examine ta
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% = AT « Syste.. > D,
ction for 5 Rol
|PDomain Name
|PColumn3 3 )
|PIndex 2
|PDomain

|155|Pviel File Edit Format View Help
|---1 {Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

D‘ File Edit View Git Project Build Debug Test Analyze Tools .. O PyrrhoSvr
Extensions Window  Help

PO~ = | P Continue ~ 3 O Y iaiigl = |8 LiveShare &

RowSet.cs # X = % Solution Explorer ~ § X

Search Depth: 3 Al o~ "

Value Type ch Solution Explor £ ~

b Database.databases["t12").objects[135] {View Name=V 155 Definer=-502 Ppos=155 Q... object {Pyrrho.Lev...
» f {Virtual 1 & Pyrrho.Leveld.Ro
» r {SelectedRowSet % 5,%0,%1) key .. (&% Pyrrho.Leveld.Ro.

» @ ta {TableActivation 39} Pyrtho.Leveld.Targ...

it 1o wath B ) ORI B
-

Levi
TableActivation 39 ESyactation
v €= Context.c
v € Group.cs
¢ € Join.cs
v €* MergeRes
v €* ParseClast
v €% Parser.cs
v € RowSet.cs
v c* Riree.cs
v c* Symbols.c

4 €% SuctemBe

v = Trigger.cs ~
v € Usercs
v € Value.cs

# 99" & Shared Y master » B

The source code said this would be a TargetActivation. It is a subclass,
TableActivation. Expand it.
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"
) « Syste... > D,

@1 Time=11/05/2021 2 48|PTransaction

File Edit Format View Help

- |

H | |

23 |PTable |23 |

29 | |PDomain |29 | Name
43 |PColumn3 Q for 23(@)[29] |PColumn3 143 | .
64 |PIndex P on 23(43) PrimaryKey |PIndex |64 | 612
80 |PDomain |80 |

93 = . -

11

13

1

j (Franing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain - |t
Indexes:((43)64) KeyCols: (43=True), Bl

e

é
o
a
ey
i
o
©
W
o
s
3
8
e
5
2
s
=
B

o
g
i
=
5
-
i
o

File Edit View Git
Extensions Window  Help
i O~ -2 WM - &~ | p Continue - | g | @

Project Build Debug Test Anaze Took seuch. O pywhosw — O X

B> At @ & LiveShare &

Watch1 & X JCES PyrrhoSvr RowSet.cs > # Solution Explorer * § X
Search (Ctrl+E P Search Depth: 3~ | 4T &al - "
Name Value Type “ J Search Solution Explor P ~
4@ ta {TableActivation 39} Pyrrho.Leveld. Targ... b v c= Trigger.cs ~
» e {Activation 38} Pyrtho.Level4.Con. o
» @ finder {(43=%10[15],93=%10[%0],115=%10{%1],#1... Pyrrho.Common.... i
b @ fm {SelectedRowSet %7(#15,%0,%1) key (%0,#15,... Pyrrho.Level4.Ro... ol
P v = View.cs
» @ Pyrrho.Common....
@ Pyrrho.Common.... 4 [0 Leveld
y @ Pyrtho.Common... b ¥ Activation
@ long b v = Context.c
@ P v €= Group.cs
P v € Join.cs
o CtrleC b ¢ = MergeRes
P o, ommon. b v c* ParseClast
B Bl TransitionRowSet %10 i e
fit Value Pyrtho.Common.... b v = RowSet.cs
apy Value Pyrrhc.Ccmmon.:,. b v € Riree.cs
= N Pyrrho.Leveld.Acti. b v & Symbols.c
4d Watc! Pyrrho.Leveld.Acti... D £9. SurtarnBa
4d Parallel Watch i ~0« y

]] slete Watch # 99" @ Shared Y master » B

The TableActivation uses a thing called a
TransitionRowSet, a concept defined in the SQL
standard. Copy its value into our Notepad.
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-
2

|PTransaction for 5 Rol

3 |PTable P

9 |Domain INTEGER
|PColumn3 Q for 23(@)[29)

4 |PIndex P on 23(43) PrimaryKey
|Domain CHAR

Extension

‘e~

7] *Untitled - Notepad

File Edit Format View Help

|PColumn3
|PIndex
|PDomain

B {Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

Search (Ctrl+E)

Name
“a@
b

DOCDRDRDRDPDPDDPDD T

We see the TransitionRowSet knows it has Data, VALUES

Watch1 + X

INTEGER]) }

%7[93],%0=%7[43],%1=X7[115]

targets

{virtualRowSet #13(#15|%0,%1) targets: 155=#13}
{Domain TABLE (#15|%0,%1) Display=1([#15,Domain CHAR],[%0,Domain INTEGER],[%1,Domain

3

23=)

Ln 11, Col 1

{View Name=V 155 Definer=-502 Ppos=155 Query select q,r as s,a from p Ppos: 155 Cols
(A:160[23],Q:158[23],R:159[23],5:159[23]) Domain TABLE (158,159,160)([158,Domain
135],[159,0omain CHAR],[160,Domain 135]) Targets: 23}

{SelectedRowSet ¥7(#15,%0,%1) key (%0,#15,%1) targets: 23=%7 Source: 64 SQMap: (#15=

{TransitionRowSet ¥10(#15,%0,%1) targets: 23=%7 From: 23 Data: #18}

#18

100%  Windows (CRLF) UTF-8

«

Name

Syste..

12

p v
b v
p v
pven
v s
vcn
ven
v
v
v
v e
v s
v

null
0x00000000

Pyrrho Leveld. Acti...
int D

ven

s en

N2 #99 Shared Y master o

is at position 18 of the INSERT statement.

Live Share

@wa o-
Solution Explor  +

£

Trigger.cs ~

User.cs
Value.cs
View.cs

Leveld

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbols.c

SurtamBa

o)
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: « Syste..
Role=-502 er=-501 Time=11/05/2021 2

|PTable
| PDomain Name
PColumn3 Q for 23(0)([29] | PColumn3
P on 23(43) PrimaryKey |PInd: a2
|PDomain

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
B LRS! 135],[93,00main CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

p¢) File Edt View Git Poject Buld Debug Test Anmalyze Tools soucn. O Bymhosw
Extensions  Window  Help

$0 - -2 W = | P Continue ~ | fa | [& <

Watch 1 View.cs PyrrhoSvr

yrehoSvr +| %% Pyrrho.Leveld SelectedRowSet - | @, Insert(Context cx, RowSet fm, bool » |3 &8 o~

return r; Solution Explor 0 »

v ¢ Trigger.cs ~
“2rnal override Co Context Rowset fm, bool iter, string prov, Le v € Usercs
v €= Value.cs

var ta = (TargetActivation)((DBObject)cx.db.objects[target]).Insert(cx, fm, fa | IS
if (liter)

return t Leveld
var data = JUERCHIS T Q)] v € Activatior
var trs = ans H v ¢ Context.c
= for (bar b = data.First(ta); b != null; b = b.Next(ta)) v €= Group.cs
v ¢ Joincs
new T r (ta, trs, b.values, b._defpos, b._pos v € MergeRes
*a:EachRow()y v ¢ ParseClas:
' v € Parser.cs
v c* RowSet.cs
v * Riree.cs
“2rnal override Context ntext cx,RowSet fm,bool iter) v €= Symbols.c _

> 4 €% SuctamRe

@ No issues found b Lni1332  Ch:18  MIXED  CRLF
# 9" O Shared Y master » B

Back in the Insert method, start traversal of the data.
Step Over the call to First().
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File Edit Format View Help

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

1135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Buld Debug Test Analze Tools cuch. O pymhoswr

Extensions Window Help
~| P Continue ~ | ia | @ 0> > el

£ Live Share

View.cs PyrrhoSvr (VXA ~ #  Solution Explorer

~| "%, Pyrrho.Leveld.SelectedRowSet ~| @, Insert(Context cx, RowSet fm, bool ~| 3=
return r; a

=2rnal override Cor Insert(Co fm, bool iter, string prov, Le
var ta = (TargetActivation)((DBObject)cx.db.objects[target]).Insert(cx, fm, fa
if (liter)
return ta;
var data = cx.data[fm.source];
var trs = ( itionRowSet)ta._trs;
=l for (var b = data.First(ta); b != null; b = b.Next(ta))

{

new Trans Se or(ta, trs, b.values, b._defpos, b._pos
ta.EachRow();

return ta.Finish();

~2rnal override Context Update(Cont owset fm,bool iter) 4

@ No issues found S~ 4 » Ln: 1332 Ch:42  MIXED  CRLF

@

A% -

Search Solution Explor O ~

3

v
v
v
v

c= Trigger.cs ~

€ User.cs

€* Value.cs

€= View.cs

Leveld

€# Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClast
Parser.cs
RowSet.cs
Riree.cs

Symbols.c

CuctemRe

# 99"  © Shared Y master « By

Now use the Watch window to examine Cursor b
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« Syste...
501 Time=11/@5/2

|PTable

|PDomain Name
|PColumn3 <
|PIndex ] t12
|PDomain

Edit Format View Hel
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
i 135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools ... O PyrthoSvr
Extensions  Window  Help

c 0~ SO WM < b Continue~ | i [@ -5 m O | > ¢

Watch1 = X NI PyrrhoSvr RowSet.cs % X = # Solution Explorer ~ § X
Search (Ctrl+E) p- SearchDepth: 3 - | 47 [ (A =RCEI

Name Value Type
b ¥ Database.databases["t12").objects[155]  {View Name=V 155 Definer=-502 Ppos=155 Q.. object {Pyrrho.Lev...
@ f {VirtualRo ge & Pyrrho. 0.
b@r {SelectedR 5 1) ki 0,#... & Pyrrho.Lev 0...
'@t {TableActivation 39} Pyrrho.Level4.Targ... A
» @ b {(#15=Twenty) 18} Pyrtho.Leveld.Cur. d
| Add item to watch | | “"Z'; :
ivatior
(#15=Twenty), #18 Contextc
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs

Search Solution Explor R ~
b v c= Trigger.cs ~

c# User.cs

= Value.cs

Riree.cs
Symbols.c

SuctamBa
»

© Shared Y master = S

Paste the value of the cursor into the Notepad
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|p1
| Do

Extension

Watch1 + X|

Search (
Name

» p

b

saction for 5 Role=-502 Us; 21 20:32:48|PTransaction
|PTable P |PTable
|Domain INTEGER |PDomain
3 |PColumn3 Q for 23(@)[29] | PColum
ndex P on 23(43 i y |PInde
main CHAR |PDomain

Ctrl+E)

Databa:
f

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

{View Name=V 155 Definer=-502 Ppos=155 Query select q,r as s,a from p Ppos: 155 Cols
(A:160[23],Q:158[23],R:159[23],5:159[23]) Domain TABLE (158,159,160)([158,Domain
135],[159,Domain CHAR],[160,Domain 135]) Targets: 23}

{virtualRowSet #13(#15|%0,%1) targets: 155=#13} I
{Domain TABLE (#15|%0,%1) Display=1([#15,Domain CHAR],[%0,Domain INTEGER],[%1,Domain
INTEGER]) }

{SelectedRowSet ¥7(#15,%0,%1) key (¥0,#15,%1) targets: 23=%7 Source: 64 SQMap: (#15=
%7[93],%0-%7[43],%1=%7[115])}

{TransitionRowSet ¥10(#15,%0,%1) targets: 23=%7 From: 23 Data: #18}

{(#15=Twenty) #18
(#15=Twenty) #18

Ln 11, Col 19 100%  Windows (CRLF) UTF-8

« Syste... > D

Name

w2

Live Share

@8 -
olution Explor 0 ~
b v c* Trigger.cs ~
v € User.cs
v € Value.cs
v c* View.cs
Leveld
* Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClast
Parser.cs
RowSet.cs
Riree.cs
Symbols.c _

SurtamPRe

© Shared Y master « B

We recognise this value from the INSERT command. Step Over
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SQL> insert i

w File

Edit View Git Project Build Debug Test Analyze Tools

B « Syste... > Dj
8|PTransaction .

|PTable

|PDomain Name
|PColum :
|PIndex 4 t12
|PDomain

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

PyrthoSvr

Extensions  Window  Help

i0-

Watch 1
PyrrhoSvr

-0 W - | P Continue ~ g @

View.cs PyrrhoSvr LTI ~ &  Solution Explorer ~ § X

~| "%, Pyrrho.Leveld.SelectedRowSet ~ | @, Insert(Context cx, RowSet fm, bool ~ |3 a8 o-

sturn 3 Search Solution Explor 0 +

b v c* Triggercs ~

=ial override Co c t cx, Rowset fm, bool iter, string prov, b v c* Usercs

b v c* Valuecs

b v = Viewcs
Leveld

b v €= Activatior

ir &d = (TargetActivatio )cx.db.objects[target]).Insert(cx, fm, false
¢ (liter)
return ta;
data = cx.data[fm.source];
g ' B _trs; v = Context.c
tuar/® ta)) v € Group.cs
EaChROW() v €= Join.cs
. = b.values, b._defpos, b._pos); v € MergeRes
ta.EachRow(); v €= ParseClas

new Tr

v € Parser.cs

v €* RowSet.cs
v €* Riree.cs
-ial override Context Update(Co t owSet fm,bool iter) v € Symbols.c ul

‘turn ta.Finish();

4 €% GuetemBe

© No issues found LA » Ln: 1335  Ch:17  MIXED  CRLF »

P2 £ 99 O Shared Y master « B

Now Step Into EachRow()
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« Syste.. > D,
ctio
|PTable P
|Domain INTEGER mai Name
|PColumn3 Q for 23(e)[29]
|PIndex P on 2 8 4 1 12
|PDomain

File Edit Format View Help

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

ey | P Continue - | i | @ _ &

Search.. P PyrrhoSvr

Watch 1 View.cs PyrrhoSvr

-} *% PyrrhoLeveld TableActivation -| @, EachRow() a8 -

level = cx.db.user.clearance;
cx.finder += _finder;
trigFired = Triggers(PT .TrigType.Before | PTri b v = Trigger.cs &
if (trigFired != true) v € Usercs
trigFired = Triggers(PTr i .Instead | PTr v € Value.cs
break;

Search Solution Explor 0 ~

v o View.cs
Leveld
} v € Activatior
internal override void EachRow() /68 Contectic
v €* Group.cs
tge = (Tra wSet. Targe ~)eursors[_trs.defpos]; v € Join.cs
rc = tgc._rec; v € MergeRes
np = db.nextPos; v € ParseClas:
var trs = (Tran v €= Parser.cs
if (trigFired v ¢ RowSet.cs
return; |
5 o i
switch (_tty & (P - YO Dieees
’ v € Symbols.c

& " 4 €% SuctamBe
@ No issues found ¢ Ln:384 Ch:9 MIXED CRLF

22 299 ©Shaed YV masters S

In TableActivation.EachRow(), Step Over twice
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|PTransaction for 5 Rol
|PTable P

|Domain INTEGER

|PColumn3 Q for 23(@)[29]
|PIndex P on 23(43) Prima
|Domain CHAR

File Edit Format View Help

: « Syste.. > D,
2:48|PTransaction
|PTable
|PDomain Name
|PColumn3
|PIndex 4 [In2
| PDomain

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
Indexes: ((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test
Extensions Window  Help

i@~ B "t ~ | P Continue ~ | g

Watch 1 PyrrhoSvr

.CS
I3 <] % Pyrrho.Leveld TableActivation

level = cx.db.user.clearance;

cx.finder += _finder;
trigFired = Triggers(
if (trigFired != true)

trigFired = Trigge
break;

¥
}

internal ov chRow()
{

var tge = (

var rc = tgc._rec;

var np = db.nextPos;

var trs = (Transiti

if (trigFired
return;

switch (_tty & (PT

@ No issues found

Analyze  Tools Search.. P PyrrhoSvr

|2 Live Share

> # Solution Explorer ~ 4 X
~| @, EachRow( &8 - "
Search Solution Explor 0 ~
Tri Tri 3 Tri Te b v c* Triggercs ~
€# User.cs
rs(PT 5 4 = Value.cs
€ View.cs
Leveld
c* Activatior
¢ Context.c
c* Group.cs
or)cursors[_trs.defpos]; = Join.cs
c* MergeRes
c* ParseClas:
€ Parser.cs
c* RowSet.cs
c* Rlree.cs

€= Symbols.c
% SuctamRe T
»

Ln:386  Chi13  MIXED  CRLF
# 99" © Shared V" master «

At line 386, use the Watch window to examine the TargetCursor tgc
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« Syste.. > D

|PDomain Name
|PColumn3 .
|PIndex 4 |12
|PDomain

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
8135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

0¢ Fie Edt View Gt Project Buld Debug Test Ansbze Took ch. O Pywhosw
Extensions  Window  Help

HO - -2 W < b Continue~ o @ i mO D> P @ | Live Share

Watch1 % x JUETES PyrrhoSvr Activation.cs W X
Search (Ctrl+E) P~ Search Depth: 3~ | 4T @3 -

Name Value Type rch Solution Explor 2 ~
» o Database.databases["t12").objects[155]  {View Name=V 155 Definer=-502 Ppos=155 Q... object{Pyrrho.Lev...
rveof Virtua ¢ ) targets: 15... ¢ Pyrrho.Leveld.R

v ¢ Trigger.cs ~
v € Usercs

v € Value.cs
v € View.cs

Leveld

v € Activatior
v c* Context.c
v € Group.cs
v € Join.cs

v € MergeRes
v €@ ParseClas:
v € Parser.cs
¥ €* RowSet.cs
v ¢* Rlree.cs
v c* Symbols.c

4 €8 SuctamBe T

Pyrrho.Leveld.Tran...

N2 £ 99 O Shared Y mastera B

Paste the value of tgc into the Notepad
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|Domain INTEGER

|PColumn3 Q for [29) |PColumn3
|PIndex P on 23( PrimaryKey |PIndex
|Domain CHAR |PDomain

*Untitled - Notepad
file Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,0omain

FUEEA B! 135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

Extensio

[

Watch1 + X
ch (Ctrl+E)

Name

b Databa

{View Name=V 155 Definer=-502 Ppos=155 Query select q,r as s,a from p Ppos: 155 Cols
(A:160[23],Q:158[23],R:159[23],5:159[23]) Domain TABLE (158,159,160)([158,Domain
135),[159,Domain CHAR],[160,Domain 135]) Targets: 23}

{virtualRowSet #13(#15|%0,%1) targets: 155=#13}
{Domain TABLE (#15|%0,%1) Display=1([#15,Domain CHAR],[%0,Domain INTEGER],[%1,Domain
INTEGER]) }

{SelectedRowSet %7(»15;;o,x1) key (%0,#15,%1) targets: 23=%7 Source: 64 SQMap: (#15=

%7[93],%0=%7[43],%1=X7[115])}
{TransitionRowSet ¥10(#15,%0,%1) targets: 23=X7 From: 23 Data: #18}

{(#15=Twenty) #18}
{(43=1,93=Tuenty,115= Null) ¥10

(43=1,93=Twenty,115=Null)

Here we see that Pyrrho’s autokey feature has filled in a

Ln 12, Col 33 100%  Windows (CRLF) UTF-8

3

Live Share

@3 o~

Kolution Explor P ~

v ¢ Trigger.cs ~

v
vcs
v

User.cs
Value.cs
View.cs

Leveld

v
v s
v s
v e
Ve
v
v s
vcs
v
v s

# 9" Shared 'Y" master «

value for the key column 43.

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Rlree.cs

Symbols.c

SurtamBa

»

)
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« Syste.. > D,

Name
|PColumn3 Q for 2 X
|PIndex P on 23 /Key e 6 LJa2
|Domain CHAR

File Edit Format View Help

BE {(Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools
Extensions Window  Help

P -2 WP - | » Continue - | s | @

Search.. P PyrrhoSvr

Watch 1 View.cs PyrchoSvr
| %% Pyrrho.Leveld. TableActivation - ©, EachRow()

RECunson) cursor sl trsidefpos]s Search Solution Explor @ +
:._rec;
.nextPos; v € Trigger.cs ~
fra S v € Usercs
:d == true) v €= Value.cs
v €= View.cs
Leveld
v €= Activatior
v €= Context.c
// Do row-level triggers 0 Grosp.ce
trigFired = Triggers(PTrigger. e.Before | P .TrigType.EachRow); v ¢ Join.cs
if (trigFired != true) 7 ¢ MergeRes
trigFired = Triggers(P JTrig Instead | PTrigger. pe.EachRow v € ParseClas:
if (trigFired == true) // an insteadof trigger has fired v
return;
np = db.nextPos;
24" | tgc = (TransitionRowSet.TargetCursor)cursors[_trs.defpos];
4 var st = rc.subType; v

@ No issues found Iy »  Lni402  Chi25 MIXED  CRLF
A2 #£9 ©Shared Y mastera B

= & (PTr

Parser.cs

v €* RowSet.cs
v € Rlree.cs

v c= Symbols.c

4 €% SuctemBa

Step Over a bit more. We have no triggers in this example, so after refreshing the
value of the target cursor, Pyrrho constructs a record. We will stop at line 411.
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2 « Syste.. >
ction for 5 Role=-502 Us

|PTable P
|Domain INTEGER i Name
|PColumn3 Q For )

12

File Edit Format
8 {Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
A3 135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

D

0¢) Fie Edt View Git Poject Buld Debug Test Amalyze Toos sech. O Pyrhoswr
Extensions  Window  Help

(<14 -2 W ~ | P Continue ~ | ia | [6 9> 2% - |22 Live Share

Watch 1 View.cs PyrrhoSvr PATETTIRE A ~ #  Solution Explorer ~ § X
~ | "% Pyrrho.Leveld TableActivation ~| @, EachRow() @8 o~

trigFired = Triggers(PTr Before | P EachRow) ;
if (trigFired != true)

trig€ired = Triggers(PTri T ype.Instead | P g
if (trighired == true) // an insteadof trigger has fired v €* Usercs

return; 7 € Value.cs
np = db.nextPos; v ¢ View.cs
tge = (Tran g or)cursors[_trs.defpos]; Leveld
rc.subType; v ¢+ Activatior
3 v ¢ Context.c
v €= Group.cs

ord r;
if (level != L D)
r = new Reco table, tgc.values, st, level, np, _cx);
null) v € Join.cs
1(table, tgc.values, prov, np, _cx); v € MergeRes
else v €= ParseClas:
v €* Parser.cs
Add(r); v €* RowSet.cs
var ns = newTal BTree<long, Ta >.Empty; 7 ¢ Riree.cs
newTables += ( .defpos, new TableRow(r,_cx.db)));
count++; =
@ No issues found Ln:411  Ch:25 MIXED  CRLF

4 €% SuctemBa

A2 # 99" & Shared Y master B

At line 411. A Record r has just been constructed.

Search Solution Explor 0 ~

Type.EachRow v ¢ Trigger.cs +

v € Symbols.c
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}==-
|PTrans,
|PTable
| Domain
|PColum

4 |PIn

File
Extensi

A Database.databases["t12").objects[155]

@r

Use the Watch window to examine r. From now on it is all about installing this record

in the Transaction.

action for 5 Role=-562 User=-501 Time=
3
INTEGER
Q for 23(0)[29]
PrimaryKey
| PDoma:

File Edit Format View Help

in

Eom
eEBY

R

« Syste.. > D,

Name

] 112

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
¥135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

Edit View Git Project Build Debug Test Analyze Tools
ons  Window  Help

Search..

o

PyrrhoSvr

- | P Continue - | ¥ | @ . o> Y gl

PyrrhoSvr

Search Depth: 3
Value

{VirtualRowSet #13( ) targets: 15,
«

((43=1,93=Twenty, 115= Null) %10}
{Record 10[23];: 43-1,93=Twenty}

Activation.cs

Type

{View Name=V 155 Definer=-502 Ppos=155 Q... object {Pyrrho.Lev...

¢ Pyrrho.Leveld
Pyrrho.Level2 Rec.
@& Pyrrho.Leveld Targ...
¢ Pyrrho.Leveld.Cur..
Pyrrho.Leveld.Tran...
Pyrrho.Level2 Rec.

Record !0[23] 43=1,93=Twen

T2

&£ 9

@ Shared

|& Live Share

> # Solution Explorer ~ 4

@8 o-

Search Solution Explor 0 ~

v
Ve
v
v

Trigger.cs ~

User.cs
Value.cs
View.cs

Leveld

v
Ve
ves
v
Ve
Ve
v
Ve
Ve
ves

4 en

Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClast
Parser.cs
RowSet.cs
Riree.cs

Symbols.c

SuctamPe
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|Domain INTEGER
|PColumn3 Q for 23(0)[29]
|PIndex P on 23(43) Prima

« Syste.. > D]

Name

] 012

| PDomain

File Edit Format View Help

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
Indexes: ((43)64) KeyCols: (43=True),

p¢) Fie Edt View Git Poject Buld Debug Test Analyze Tools
Extensions  Window  Help

Search.. P | PymhoSvr

- ~| P Continue ~ | ia | [ E9|>¢ 2% - |22 Live Share

Watch 1 View.cs PyrrhoSvr
~| ", Pyrrho.Leveld.TableActivation ~| @, EachRow()
trigFired = Triggers(PT i Before | PT
if (trigFired != true)

PRI RTIE I ~ & Solution Explorer  ~ 4 X

@ %-

<EachRoW): Search Solution Explor 0 ~

trig€ired = Triggers(PTri T .Instead Trigger.TrigType.EachRow b v = Triggercs «

if (trigkired true) // an insteadof trigger has
return;

np = db.nextPos;

or)cursors[_trs.defpos];

rc.subType;
"

Record r;
if (level != .0)

r = new Record3(table, tgc.values, st, level, np, _cx);
else if (prov != null)

r = new Recordl(table, tgc.values, prov, np, _cx);
else

r = new Record(table, tgc.values, np, _cx);
Add(r);

var ns = newTables[_trs.defpos] ?? 8Treeclong, T >.Empty;
newTables += (_trs.defpos, ns + (r.defpos, new TableRow(r,_cx.db)));

count++;
@ No issues found LA Ln: 411

L

Back in Visual Studio, Step Into Add(r).

b v c* Usercs

b v = Value.cs

b v e View.cs

Leveld

v € Activatior
v ¢ Context.c
v € Group.cs
v €* Join.cs
v € MergeRes
v ¢ ParseClas:
v €* Parser.cs
v €* RowSet.cs
v c* Riree.cs
v € Symbols.c :

4 €% SuctemBa

Ch: 25  MIXED  CRLF

# 99" 4 Shared 'Y master o
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- ‘ [
2021 20:32:48|PTransaction|
|PTable
|Domain INTEGER | PDomain Name
[P(clumru Q for z @) 49] |PColumn3 3
; |PInd | 112
|PDomain

« Syste..

File Edit Format View Help
-{Framxng (23 Table Name=P 23 Definer=-502 Ppos= 23 Domain TABLE (43,93 115)([43,Domain
: (43=True),

File Edit View Git Project Build Debug Test Analyze Toos  sech. O | PymhoSwr
Extensions  Window  Help

20~ - d o - | P Continue - | s | @ _ %

Watch 1 View.cs PyrrhoSvr 2 i > g x
~ | %, Pyrrho.Leveld.Context v . = oalo- "

return false; Search Sclution Explor O =

} v ¢ Trigger.cs
internal virtual void Addvalue(DB t Value v €* Usercs

v € Value.cs
if (tv is Cursor v c* View.cs
iteLine("AddValue??");

Leveld
s.Set (trus, tv); v €# Activatior
¥

v = Context.c
internal void Add(Phy ph, long lp = @) €= Group.cs
v € Join.cs

v € MergeRes
v ¢* ParseClas:
v € Parser.cs

)
db.loadpos;

t.Debugtode 8& db is T
iriteLine(ph.ToString()); o
Idb Add(thxs, ph, 1p); v RowSet.cs

3} v €= Rlree.cs
v €= Symbols.c
internal void AddPost(string u. strine tn. strine s. strine us. lone vc ¥ 4 0% SuctamRe

O No issues found N 4 4 Ln:419  Ch:13  SPC  CRLF »

# 99" @ Shared Y master « B

In Context.Add(), step over a few times, then step Into db.Add() to add our Record to
the Transaction.
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: g <« Syste.. > D,
1 Time=11/05/2021 20:

23 |PTable P |PTable 2
29 |Domain INTEGER |PDomain 9 Name
|[PColumn3 Q for )29 |PColumn3
rim |PIndex 102
|PDomain

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135], [93,Domain CHAR],[115,0omain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

i@~ S0 W ~ | P Continue ~ | s | [ .

Search.. P | PymhoSwr

Watch 1 View.cs PyrrhoSvr > q
| %, Pyrrho.Level3. Transaction ~| ®, Add(Context cx, Physical ph, long & o-

{
return (Transaction)(d+(ob,d.loadpos));
A b v o Triggercs 4
. b v c* Usercs
public static T ion operator#(Transaction d,Procedu o

Search Solution Explor © ~

Value.cs

b v c* View.cs
var ro = d.role + p; 4 Leveld

return (Transaction)(d + ro + (p,d.loa| At
} ph Record !0[2 conaed

internal override void Add(Context cx,P al ph, long lp) b v = Group.cs
{ b v ¢ Join.cs

if (ex.parse != b v c* MergeRes

return; b v c= ParseClas:

cx.db += (Physicals,physicals +(ph.ppos, ph)); o s

cx.db += (NextPos, ph.ppos + 1);

ph.Install(cx, 1p); b v € RowSetcs

'}

S internal overridé Datal : ( 'ph * ppos I ph)

@ No issues found i

© Shared Y master « By ‘

In Transaction.Add, we see how the Physical is added to
the physicals list. Step Over line 158.
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2 « Syste.. » D
ansaction for 5 Rol
|PTable P
|Domain INTEGER omai Name
|PColumn3 Q for 23(0)[29] )
|PIndex P on ) PrimaryKey x 12
| PDomain E:

File Edit Format View Help
8 {(Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
L 135],[93,00main CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Buld Debug Test Analyze Tools ... PyrthoSur
Extensions  Window  Help

I Ml - P Continue + | a

Watch 1 View.cs PyrrhoSvr LELELT IR ~ &  Solution Explorer ~ § X

% Pyrrho.Level3.Transaction | ®, Add(Context cx, Physical ph, long ~ %= Afo-

return (Transaction)(d+(ob,d.loadpos));

b v = Trigger.cs
b v = Usercs
public static Tr n operator+(Trans ion d,Procedure p) P v = Value.cs
LBl b v ¢ View.cs
var ro = d.role + p;

Leveld
return (Transaction)(d + ro + (p,d.loadpos)); o

{ Search Solution Explor 2 ~
}

v €= Activatior
e v ¢ Context.c
internal override void Add(Context cx,Physical ph, long 1p) ¢ Group.cs
v €= Join.cs

if (cx.parse 1= & s obey) ¢ © MergeRes
o dl:efwr(‘;h sicals,physicals +(ph.ppos, pH)); 4.0 barseClas
ex.db += (Neit?cs, ;h,gpcs +1); L Y% Pacserce

ph.Install(cx, 1p); v €* RowSet.cs
} v c* Riree.cs

v € Symbols.c

= internal override D Rollback(obiect e) % QuetamBe
@ No issues found I~ > Lni159  Ch:13  MIXED  CRLF »

A2 #£99 @ Shared Y mastera B

At line 159, we are about to call ph.Install(). But let’s use

the Watch window to examine physicals
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|PTransaction for
|PTable P
|Domain INTEGER

0)[29]
|PIndex PrimaryKey
|Domain

|PDomain

File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

Indexes: ((43)64) KeyCols: (43=True),

« Syste.. > D,

Name

[ Jn2

e
1ol

File Edit View Git Project Build Debug Test Analyze Tools

Extensions  Window  Help

Search (Ctrl+E)
Name

b Database.databases["t12"].objects[155]
» o f

b
> @
b
b

@ tgc

rer

» & ((Transaction)cx.db).physicals
Add item to watch

» Continue ~ o> 2t &l-.

Search... L PyrrhoSvr

a X

& LiveShare &7

Transaction.cs # X w #  Solution Explorer ~ 4 %

Search Depth: 3~ | 4T [Bg]

Value Type
{View Name=V 155 Definer=-502 Ppos=155 Q... object {Pyrrho.Lev...
.. & Pyrrho.Leveld.Ro

& Pyrrho.Level2R
@ Pyrrho.Leveld.Targ...
& Pyrrho.Leveld.Cur.
@ Pyrrho.Leveld.Tran...

{ 0[23): 4: nty} ¢ Pyrrho.Level2 Rec...

{({0=Record 0[23]: 43=1,93=Twenty)} Pyrrho.Common....

(AR

Search Solution Explor 0 ~

13

13
b
13

v ¢ Trigger.cs +

v € Usercs

v € Value.cs

v € View.cs
Leveld

v €% Activatior

v €= Context.c

v € Group.cs

v € Join.cs

((

ransaction)cx.db).physicals ¢ & Mergehes

v ¢ ParseClast

b v = Symbols.c

D 4% SuctamPe

@ Shared

Y master «

It is a list containing the new Record. Step into

ph.Install()
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ion for 5 Rol
INTEGER
f
PIndex P
omain CHAR
Ipc '
File Edit Format View Help

{Framing (23 Table Name=P 23 Definer=-50:
8135, [93,Domain CHAR],[115,Domain 135])

<« Syste... > O]

|PTable

|PDomain Name
|PColumn3

|PInd [ t12
|PDomain 3

2 Ppos=23 Domain TABLE (43,93,115)([43;Domain
Indexes: ((43)64) KeyCols: (43=True),

File Edit View Gt Project Buld Debug Test Anabze Tools ceuch. O | PymhoSwr

Extensions  Window  Help

~| P Continue -

PyattioSr
= %%, Pyrrho.Level2 Record
if (!rx.rows.Contai

throw new

1]

x += (k, defpos);

cx.db += (x, cx.db.loadpos);

return now;

}

internal override veid Install(C

4 @ g nd|>2

(ORI ~ &  Solution Explorer ~ 4 X
- | @, Install(Context cx, long p) AR

) Search Solution Explor =

ion("23000", "missing foreign key ",

P v = Trigger.cs

€ User.cs

= Value.cs

€= View.cs

Leveld
Activatior
Context.c

Group.cs

v
v
v
v’

ontext cx, long p)

var tb = cx.db.objects[tabledefpos] as T 5 Join.cs

try
{

th +=  AddRow(cx);

th += (Table.LastData, pi

catch (DBException &)
{
© Mo issues found -

MergeRes
Parser.cs
RowSet.cs
Rlree.cs
Symbols.c _

SurtamBe

Tln237 Chie  MIXED  CRUF y
# 9 O Shared Y master B

pos)

In Record.Install(), Step over to line 241
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ction for 5 Rol
3 |PTable P |PTable
|Domain INTEGER |PDomain
|PColumn3 Q for 23(@)( |PColum
; |PInde:
|PDomain

« Syste.. > D

Name

t12

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

135],[93,00main CHAR],([115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

0~ ~| » Continue -

Watch 1 View.cs PyrrhoSvr

~| %, Pyrrho.Level2.Record ~ | ©, Install(Context cx, long p)

if (!rx.rows.Contains(k))
throw new DB tion("23000", “"missing foreign

x += (k, defpos);
cx.db += (x, cx.db.loadpos);

return now;

}

internal override void Install(C cx, long p)
var th = cx.db.objects[tabledefpos] as

AddRow(cx) ;
e.LastData, ppos);

Lni241  Chi17  MIXED  CRLF
# 99" @ Shared

Step Into AddRow().

Search.. P | PymhoSwr

Search Solu

v ¢ Trigger.cs ~

v € User.cs

v €= Value.cs

v €= View.cs
Leveld

v €* Activatior

v ¢* Context.c

v €* Group.cs

v € Join.cs

7 €= MergeRes

v €= ParseClast

v € Parser.cs

¥ € RowSet.cs

v ¢ Riree.cs

v € Symbols.c 3

o GuetemRe

TYvvVVVTTvTYTTYTYT

Y master B
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[Domain INTEGER ?
|PColumn3 Q for 23(@) |PColumn3
3 |PIndex

« Syste.. >

Name

1612

D

|PDomain

File Edit Format View Help
(Fram)ng (23 Table Name=P 23 Deh.ner -502 Ppos=: 23 Domain TABLE (43 93, 115)([43,Doma).n

p¢) File Edit View Git Project Buld Debug Test Anabze Tools
Extensions  Window  Help

‘o~ d - | P Continue ~ | 7& | @ - =9 > ¢ |2 Live Share

Search..

Watch 1 View.cs PyrrhoSvr
%, Pyrrho.Level2.Record
7

> ¥ Solution Explorer ~ § X
~| @, AddRow(Context cx) a8 o "

return base.Conflicts(db, cx, that, ct); “ I search Solution Explor 2 ~

v ¢ Trigger.cs ~

v € User.cs

v €= Value.cs

v €= View.cs
Leveld

v € Activatior

internal virtual TableRow AddRow(Context cx) O GOt

* var tb = (Table)cx.db.objects[tabledefpos]; %O Croup.ce
var now = new (this,cx.db); v.€* Join.cs
for (var xb=tb.indexes 5 : e ¥ € MergeRes
{ v € ParseClast

var x = (Index)cx.db.objects[xb.value()]; RN v ¢ Parser.cs
var k = x.MakeKey(now.vals); v € RowSet.cs
if ((x.flags.HasFlag(F X n PrimaryKey) ||

x.flags.HasFlag( Unique)) i

88 (x.rows?.Contains (k) v S2 moois

@ No issues found v 4 Ln:213  Ch:9  MIXED CRLF »
# 9" O Shared Y master« B

v €= Riree.cs

Record.AddRow is all about building a TableRow and adding it to any indexes that are
around. Step over down to line 231.
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At line 231, we use one of our addition operators to add the key and record position

to the Index x.

|Domain INTEGER
|PColumn3 Q For
|PIndex P on 23
|Domain CHAR

48|PTransaction
|

PTable
|PDomain
|PColumn3
|PIndex
|PDomain

<« Syste.. > D,

Name

] 112

File Edit View Git Project Build Debug
Extensions  Window  Help

= | P Continue

View.cs PyrrhoSvr
~ | %%, Pyrrho.Level2.Record

var now = new Tab ow(t!
for (var xb=tb.indexes
{
var X = (Index)cx.db
var k = x.MakeKey(no
if ((x.flags.HasFlag
x.flags.HasFlag(
&8 (x.rows?.Cont
throw new DBExce
if (x.reftabledefpos

Test Analyze Tools

Search...

m@EinwO[> ¢

o

PyrthoSvr

o - |2 Live Share

[OTERTE ~ #  Solution Explorer ~ 0 X

~ | @, AddRow(Context cx)

his,cx.db);
irst();xb!=null;xbxb.Next())

.objects[xb.value()];
w.vals);
(PInd y
PInde .Unique))
ains (k

on("23e00", "duplicate key
>=0)

"y k)

e)cx.db.objects[x.reftabledefpos];
x)cx.db.objects[x. refindexdefpos];

if (!rx.rows.Con
throw new

H
k += (k, defpos);
cx.db += (x, cx.db.1

}

@ No issues found S

tains(k))

Ln: 231 Ch:17
N2 P

@ao- "
Search Solution Explor 0 =
b v ¢ Trigger.cs ~
b v c® Usercs
b v c= Value.cs
b v c= View.cs
Leveld
v € Activatior
v = Context.c
v € Group.cs
¥ €* Join.cs
v €= MergeRes
v € ParseClas:

v €* Parser.cs

X += ( k) dE'FpOS ¥ € RowSet.cs

v € Rlree.cs
v € Symbols.c

4 €% SuctemBa

MIXED  CRLF

99"

© Shared 'Y master « B
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action for 5 Role=-502 User=-501 T: /@5/ |PTransaction

|Domain INTEGER

|PColumn3 Q for 23(0)([29]
|PIndex P on 23(43) PrimaryKey
|Domain CHAR

|PTable
|PDomain
|PColumn3
|PIndex
|PDomain

0 File Edt View Gt Project Build Debug Test Ansbze Took ey

Extensions  Window  Help
‘o- :

Watch 1 View.cs PyrrhoSvr
*, Pyrrho.Level2.Record

var now = new

{

var k

Hovering over x, we see x has a new value and now
contains one key. Another addition operator installs the

P Continue ~ | fa |[@ .51 m O > ¢

Record.cs m X
~ | @, AddRow(Context cx)
TableRow(this,cx.db);

for (var xb=tb.indexes.First();xb!=null;xb=xb.Next())
var x = (Index)cx.db.objects[xb.value()];
if ((x.flags.HasFlag(

x.flags.HasFlag(PT
88 (x.

rows?.Contains (k)==true))
eption("23000", "duplicate key ", k);

if (x.reftabledefpos>=e)

cx.db.objects[x.reftabledefpos];
¢)ex.db.objects[x.refindexdefpos];

if (!rx.rows.Contains(k))
throw new D 7("23000", "missing foreign key ",

}
x += (k, defpos);
Cx.db 4= (x, cx.db.loadpos); <2 (RASNRN Rows MTree |

v Bols.c
} vo@ x| (Index NamesP 64 Dd[} 502 Ppos= 84 Key:(0=43) Kind=PrimaryKey Rows:MTree 1 (43 Dom;
@ No issues found IF¥ h 4 L2352  ChiT/  MIXED  CROF

# 99* 4 Shared

new Index in the transaction.

[AE-IRCR
Search Solution Explor 0 ~
b v c= Trigger.cs -
€# User.cs
€= Value.cs
€ View.cs
Leveld
c* Activatior
c* Context.c
c* Group.cs
€ Join.cs
c* MergeRes
€ ParseClas:
€= Parser.cs
g et.cs
cs

T ¥

V' master « B
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|PTransaction for 5 Role

|PTable P

|Domain INTEGER

|PColumn3 Q for 23(e)[29)
64 |PIndex P on 23(43) Primaryl

|Domain CHAR

PCo1umn i
PColumn =l

I
|
37|
|
I

REBV

e

| PDomain

SISO (o cdit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

81135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

« Syste.. > D,

Name

LJn2

File Edit View Git Project
Extensions  Window  Help

Ho - o WM -

View.cs PyrrhoSvr
~| %%, Pyrrho.Levi

for (var xb

{
var x =
var k =

Build Debug Test Analyze Tools

P Continue ~ | 7a | [@ . § TR R

Search.. P | PymhoSwr

£ Live Share

LOCTRRSIE A ~ & Solution Explorer ~ 4 X

ord ~ | @, AddRow(Context cx)

Sreo e e an

tb. indexes.First();xb!=null;xb=xb.Next())

(Index)cx.db.objects[xb.value()];
x.MakeKey (now.vals);

if ((x.flags.HasFlag(P pe.PrimaryKey) ||
x.flags.HasFlag(PT ©.Unique))
88 (x.rows?.Contains(k)==true))

throw new D pt
if (x.reftabledefpos>=0)

{

var
var

"23000", "duplicate key ", k);

£ = (Table)cx.db.objects[x.reftabledefpos]; 1
rx = (I cx.db.objects[x.refindexdefpos];

if (!rx.rows.Contair

x += (k,

throw new DBE , "missing foreign key ",

defpos);

cx.db += (x, cx.db.loadpos);

Feturn now;
© No issues found

After a journey around the loop we reach the return statement at line 234 with the

new TableRow.

Ln:234  Ch:13  MIXED  CRLF
# 99* & Shared

Search Solution
b

=

v
v

v s
v cn

Lev

'Y master «

Ex

c= Trigger.cs +

User.cs
Value.cs
View.cs
eld
Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbols.c _

SuctamBa

)
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S
A « Syste.. > D,

|PTransaction for
|PTable P

|Domain INTEGER |PDomain Name
|PColumn3 Q for ) |PColumn3 .
|PIndex P on 2 r L2
|Domain CHi ?
|PColumn .
|PColumn t ( X
File Edit Format View Help
Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
PUEET ! 135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True), E=
File Edit View Git Project Build Debug Test Analyze Toos  seich. O PyrhoSwr - o x
Extensions  Window  Help
‘o~ -2 W = &' = P Continue ~ | g LA ) I 8 < B i [ |8 LiveShare &

Watch1 = x RICIKS PyrrhoSvr Record.cs ™ X v # Solution Explorer ~ § X
Search (Ctrl+E) SearchDepth: 3~ | 47 [ @8 -
Name Type Search Solution Explor £ ~
» @ ta { 9 @ Pyrrho.LeveldTarg

b v c* Triggercs +
b @ Pyrrho.Leveld.Cur... a3

b v c* Usercs

tgc %10 C v
'J 2 v € Value.cs

»
I3 3 ..
b & ((Transaction)cx.db).physicals Pyrrho.Common, ACkaViswics
p

Leveld
v €* Activatior
v ¢ Context.c
v € Group.cs

classification Pyrrho.Level3.Level
defpos long

owner long

Ppos long v € Join.cs
prev leng v €% MergeRes
provenance string v €= ParseClas:
subType v €% Parser.cs
tabledefpos v € RowSet.cs
time v € Riree.cs
user v € Symbols.c

vals Pyrtho.Common.... 8 Suctampe T
= v »

n
¢
¢
¢
)
)
@
@
)
¢
&

© Shared Y master « B

Let’s examine now with the Watch window. It has our new values vals. The huge
numbers called ppos etc are all 10, the position for the first uncommitted database
object in the transaction.
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« Syste.. > D
48|PTransact

3 |PTable P |PTable
9 |Domain INTEGER |PDomain
3 |PColumn3 Q for 23()[29] |PColumn3
4 |PIndex P on 23(43) Primar |PInd

0 |Domain CHAR |PDomain

Name

| 112

T
SELEY

pos=23 Domain TABLE (43,93,115)([43,Domain
Indexes: ((43)64) KeyCols: (43=True),

File Edit View Git Project Build Debug Test Analyze Tools o, P PyrrhoSvr
Extensions  Window  Help

(< | P Continue - | i | @ =9 %t@t - |& Live Share

Watch 1 View.cs PyrrhoSvr RAAGARUNTTE R - @  Solution Explorer ~

+| %% Pyrrho.Level2 Record - | @, Install(Context cx, long p) a8l -

var rt = (Table)cx.db.objects[x.reftabledefpos];
var rx = (I cx.db.objects[x.refindexdefpos]; -
if (!rx.rows.Contains(k)) v & Trigger.cs +

throw new D8 on("23@@@", "missing foreign key ", v Usercs

v € Valuecs

x += (k, defpos); v €= View.cs
cx.db += (x, cx.db.loadpos);

Search Solution Explor 2 ~

Leveld
= Activatior
return now; ¢ Context.c
c* Group.cs
internal override void Install(C xt cx, long p) €= Join.cs
c* MergeRes
var tb = cx.db.objects[tabledefpos] as Table c# ParseClas:
try ¢ Parser.cs
{ =
th += AddRow(cx); 4
[tb += (Table.lastData, ppos); : O Res.ce
) € Symbols.c

}

RowSet.cs

ey 3 £ GuetemRe

@ Noissues found S Ln:242  Chi17  MIXED CRLF
P2 #£99 O Shared YV mastera Bn

After adding this new row to the table, we add the updated table to the transaction.
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|
|PTransaction for 5 Rol
|PTable P
[Domain INTEGER
|PColumn3 Q for 23(e)[29]
|PIndex P on 23( PrimaryKey
| PDomain

Edit Format View Help

T ——————
TPRRORA BN

S

135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

« Syste.. > D

Name

j a2

{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain

File Edit View Git Project Build Debug Test Analyze Tools
Extensions  Window  Help

~ | P Continue ~ | ia [&

View.cs PyrthoSvr

i = cx.role.infos[tb.defpos] as ObInfo;
if (e.signal 23000")
throw new ception(e.signal, e.objects[@].Tostring() + ¢
+ e.objects[1].ToString());
throw e;

}
kx.Install(tb, p); s
ex.db += (Dat Log, cx.db.log + (ppos, type));

}

internal override void Affected(ref BTree<long, BTreeclong, long>> aff}
{

var ta = aff[tabledefpos]??3Tree<long, long>. Empty;

ta += (defpos, ppos);

aff += (tabledefpos, ta);
} -

@ No issues found ¥~ Ln:252  Ch:13  MIXED  CRLF

Search.. P | PyrhoSwr

@8 o "
Search Solution Explor 0 ~
b v c* Triggercs ~
b v c* Usercs
b v c* Value.cs
b v ¢ View.cs
Leveld
Activatior
Context.c
Group.cs
Join.cs
MergeRes
ParseClas:
Parser.cs
RowSet.cs
Riree.cs
Symbels.c _

SuctamPe

# 99  © Shared Y master «  Bp

Step Over some more, to get back to EachRow.
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|PTransaction for 5 Rol
|PTable P |PTable
|Domain INTEGER | PDomain
|PColumn3 Q for 23(8)[29] |PColumn3
|PIndex P on 23(43) PrimaryKey |PInde

| PDomain

FRRPOR BN N
EUSREGL

f File Edit Format View Help
{Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

« Syste...

Name

L]n2

f
|
i

file Edit View Gt Project Buld Debug Test Analyze Tools seuch. O Pymhoswr
Extensions  Window  Help

| B Continue ~ | g | @ < i

View.cs PyrrhoSvr
| %%, Pyrrho.Leveld. TableActivation | ©, EachRow()

tge = (T NRe TargetCursor)cursors[_trs.defpc *
var st = rc.subType;
Record r;
if (level != L D)

r = new d3(table, tgc.values, st, level, np, _
else if (prov != null)

r = new Recordi(table, tgc.values, prov, np, _cx);
else

r = new Record(table, tgc.values, np, _cx);
hdd(r); d
var ns = newTables[_trs.defpos] 2? BTree<long,
newTables += (_trs.defpos, ns + (r.defpos, new
count++;
// install the record in the transaction
7 cx.tr.FixTriggeredActions(triggers, ta._tty, r)

// Row-level after triggers
Triggers(PTrigg gType.After | P
break;
@ No issues found R Ln:411  Ch:25  MIXED  CRLF

@8 o-

Search Solution Explor P ~

b v c* Trigger.cs +

b v c* Usercs

b v €= Value.cs

b v c= View.cs
Leveld

b v €= Activatior

b v c* Context.c

b v c= Group.cs

b v €* Join.cs

b v € MergeRes

b v c* ParseClast

b v €* Parser.cs

14 RowSet.cs

b Riree.cs

b Symbols.c _

3

SuctamBa

»

£ 99 O Shared Y master By

In EachRow() we have just finished Add for our Record. Step over to line 417.
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« Syste... > D

|PTable
|PDomain Name
|PColumn3

112

d
File Edit Format View Help

I N (Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
EaRE! 135],[93,00main CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

1%
S
¢
"

File FEdit View Git Project Build Debug Test Analyze Tools o, PyrthoSvr
Extensions  Window  Help

i~ S0 WM < | b Continue ~ | s | @

Watch 1 View.cs PyrrhoSvr
%, Pyrrho.Leveld.TableActivation +| @, EachRow()

tge = ( onRow tCursor)cursors[_trs.defpos]; * N search Solution Explor £ ~
var st = rc.subType;
Record v = Trigger.cs +
if (level 1 v € Usercs
r = new tgc.values, st, level, np, _cx); v € Value.cs
else if (prov != null) v View.cs
r = new (table, tgc.values, prov, np, _cx); Leveld
else
r = new Record(table, tgc.values, np, _cx);
Add(r);
var ns = newTables[_trs.defpos] 2? 8Tree<long, T w> . Empty; 5
newTables += (_trs.defpos, ns + (r.defpos, new TableRow(r,_cx.db))); v € Join.cs
counti+; v € MergeRes
// install the record in the transaction v ¢ ParseClas
cx.tr.FixTriggeredActions(triggers, ta._tty, r); v € Parser.cs
= db; Ve
evel after triggers
Triggers(PTr TrigTy EachRow) ;
break; v

v €= Activatior
v c* Context.c
v € Group.cs

RowSet.cs

v € Rlree.cs

v € Symbols.c
% SurtamBe

© No issues found 3 :417  Ch:25  MIXED  CRLF »

2 #£9 O Shared Y mastera Bg

At line 417 we copy our transaction from the TargetActivation into the parent
Context. (Just an assignment of a 64-bit pointer.)
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2 | s « Syste...
5 Role=-502 User=-501 Time=11/05/2021 20:32:48|PTransaction

|PTable P |PTable

|Domain INTEGER |PDomain Name

|PColumn3 Q for )[29 |PColumn3 .

|PIndex P on 2 imaryKey |PIndex L2
|PDomain

PP File Edit Format View Help |

-1- g (Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Donain - ¢
SRR GEEARR! 135], [93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

il

04 File Edt View Gt Project Buid Debug Test Anobze Tool sucn. O Bymhosw  —
Extensions Window Help

P0 - -2 W | P Continue - | g | @ & nd(>¢ & Live Share

Watch 1 View.cs PyrrhoSvr [EMCRT T ~ #  Solution Explorer ~ 4 X

~ | %% Pyrrho.Leveld SelectedRowSet ~ | ©, Insert(Context cx, RowSet fm, bool + == a3l -

{ = Search Solution Explor P ~
var fta = (Target 1) ((DBObject)cx.db.objects[target]).Insert
if (liter) b
return ta; v
var data = cx.data[fm.source]; v ¢ Value.cs
var trs = (Trans Set)ta._trs; v € View.cs
for (var b = data.First(ta); b != null; b = b.Next(ta)) Leveld

c= Trigger.cs ~
c# User.cs

{ Activatior
new T onRo .TransitionCursor(ta, trs, b.values, b._dei

lka.EachRow(); Context.c

Group.cs
return ta.Finish(); Join.cs

3¢ MergeRes

ParseClas:

Parser.cs

RowSet.cs

internal override Context Update(Context cx,RowSet fm,bool iter)

var ta = (Ta on)((Table)cx.db.objects[target]).Update (c>
if (liter)
return ta;

Rlree.cs
Symbols.c

SurtamBRe

© No issues found gv s b ln1335 Chi17 MIXED  CRLF

D2 &9 O Shared 'Y master

That finishes EachRow for this row of the data. Step Over to see the Cursor for the
next row of the data
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ction
3 |pTable P
[Domain IN

File Edit Format

« Syste.. » D

Name

| 112

R {Framing (23 Table Name=P 23 Definer=-502 Ppos=23 Domain TABLE (43,93,115)([43,Domain
1 135],[93,Domain CHAR],[115,Domain 135]) Indexes:((43)64) KeyCols: (43=True),

p¢) File Edt View Git Project Buid Debug Test Analyze Tools s O Bymhoswr

Extensions  Window  Help

View.cs PyrthoSvr

~ | "% Pyrrho.Leveld.SelectedRowSet
{

var ta = (T

if (liter)

return ta;

var data = cx.dat

var trs = (Tran

for (var b =

return ta.Finish();

¥

internal override Con Update(Cq

var ta = (TargetActi n)((T
if (liter)
return ta;

@ No issues found S

Hovering over b, we recognise the value Thirty here. The same thing will happen for
this row, and then the transaction will Commit(), so just click Continue to finish.

le)cx.db.objects[target]).Update(c>

GEIMEXR Y ~ &  Solution Explorer ~ § X

- | @y Insert(Context cx, RowSet fm, bool ~ |3 &8 o

t)cx.db.objects[target]).Insert

v € User.cs

v € Value.cs

v €= View.cs

= b.Next(ta)) Leveld
Thirty) #18} = |

3, trs, b.values, b._dei

b
4
2
b

v €= Activatior
v c* Context.c
v € Group.cs
v €# Join.cs

v € MergeRes
v ¢ ParseClas:
v €% Parser.cs

v €* RowSet.cs
v c* Rlree.cs

v € Symbols.c

x, t fm,bool iter)

> 4 % GuctamRe

b lni1332 Chi42 MIXED  CRUF >
A2 #£9 O Shared YV mastera B

Search Solution Explor 2 ~

v ¢ Trigger.cs +
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[ Command Prompt - PyrthoCmd t12 - o X

|PTransaction for 5 Role=-502 User=-501 Time=11/05/2021 20 8|PTransaction|5
3 |PTable P |23
9 |Domain INTEGER

| Pt mn3 Q for 9]

|PIndex P on 2. PrimaryKey

|0 CHAR

|PColumn3 R for 23(1)[86) | PColumn3

5
2
wieed2 records affected in t12

A ., oot
i t into v(s) values('Twenty

cords affected in t12

Edit View Git Project Build Debug Test Analyze Tools  c.,.cp
Extensions  Window  Help

(<3 Continue ~ | g "nmed

« Syste.. > D

Name

jn2

& LiveShare &7

Watch 1 PyrrhoSvr . ~ & Solution Explorer ~ 1 X

~ | % Pyrrho.Leveld.SelectedRowSet ~ | @, Insert(Context cx, RowSet fm, bool

ta.EachRow();
¥
return ta.Finish();

¥

internal override Context Update(Context cx,RowSet fm,bool iter)

var ta = (TargetActivation)((Table)cx.db.objects[target]).Update(c>
if (liter)
return ta;
for (var b = ta._trs.First(ta); b != null; b = b.Next(ta))
ta.EachRow();
return ta.Finish();

)

internal override Context Delete(Context cx,RowSet fm,bool iter)

var ta = (Tar, vation)((Table)cx.db.objects[target]).Delete(c>
if (liter)

@ No issues found N Ln: 1333  Ch:13  MIXED  CRLF

@8 o "
Search Solution Explor 0 ~
b v c* Viewes ~
Leveld
¢ € Activatior
v ¢ Context.c
v €* Group.cs
€= Join.cs
c* MergeRes
® ParseClas:
€* Parser.cs
€* RowSet.cs
€ Rlree.cs
= Symbols.c
c* SystemRe
Properties
{0 App.config

B s r% Dariment oo

»

22 #97 ©Shued YV omaters B

The successful commit is reported to the client.
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BN Command Prompt - PyrthoCmd 12

137|PTransaction for 1 Role=-502 User=-501 Time=11/05/2021 20:

[Pview V 155 select q,r f
|188|PTransaction for 2 Rol
206|Record 206[23]: nty

Edit View Git Project Build Debug Test Analyze
Extensions  Window  Help

PO~ -2 WM Continue ~ | g

View.cs PyrrhoSvr

€] PyrchoSvr ~ | "%, Pyrrho.Leveld.SelectedRowSet

ta.EachRow();
}

return ta.Finish();

{
var ta = (Targ
if (liter)
return ta;

ta.EachRow();
return ta.Finish();

}

if (liter)
Eaiiin ia.

@ No issues found i

Confirm the new contents of the table P (this is the real target of the INSERT

statement, not V!)
This completes the demonstration.

internal override Context Update(Context cx,RowSet

48|PTransaction|13’
|Pview |155

User=-561 Time=11/05/2021 20:47:20|PTransaction|188

| 201

Tools ™ cearch. d

I )

RowSet.cs m X

~| ©, Insert(Context cx, RowSet fm, bool

fm,bool iter)

for (var b = ta._trs.First(ta); b != null; b = b.Next(ta))

internal override Context Delete(Context cx,Rowset fm,bool iter)

Ln: 1333 Ch: 13 MIXED

~ % Solution Explorer

tivation)((Table)cx.db.objects[target]).Update(c>

var ta = (T on)((Table)cx.db.objects[target]).Delete(c>

CRLF

|8 liveShare &%

@8 o~

> i x

Search Solution Explor P ~

b v = View.cs
Leveld
v €* Activatior
v = Context.c
v €* Group.cs
v € Join.cs
v € MergeRes
v ¢ ParseClas:
v € Parser.cs
¢ € RowSet.cs
v €= Riree.cs
v € Symbols.c
v €* SystemRe
3 Properties
{3 App.config

B 2 e8 Dariment ~

P2 & 99" Shared Y master o
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Accessing Remote Data

» Using SQL to access a REST service

» Requires a little extra syntax
CREATE VIEW id OF rowtype AS GET url
» The rowtype is like a table definition
» Column names and domains
» REST data received gets coerced to this type

» The url is supplied as metadata
» Maybe with other properties, e.g. MIME, AGENT

» Could form simple joins with local data
15b We call this a RESTView

In the last part of this tutorial we want to demonstrate
how these ideas can be extended to remote views (often
called View-Mediated data Integration).

If we define a remote view, we need to give the domains
of the columns (like in a table definition) that the remote
data received from a REST service can be coerced to.

We also need to be told how to access it, e.g. a URL,
MIME, locale. This can be done with metadata.

Some extra syntax needs to be added to SQL. We call this
RESTView.
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Transactions and RESTview

» Transactions then need some thought

» RFC 7232 is helpful, as it explicitly covers the
lost update problem

» It proposes all HTTP1.1 services return entity-tags

» These can be used for conditional requests

» We can use these in the RESTView
implementation

» But very few external REST services comply
» Pyrrho has a suitable service that does

» An interface called RESTIf tailored for other DBMS
152

Transactions then need some thought

RFC 7232 is helpful, as it explicitly covers the lost update problem
It proposes all HTTP1.1 services return entity-tags

These can be used for conditional requests

We can use these in the RESTView implementation

But very few real REST services comply

So Pyrrho has a suitable service that does
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REST in a branch transaction

» hitp[s]://host[:port]/database/role[/table]
» Implemented using HEAD and POST verbs
» Sequence of ;-separated SQL statements
» Changes POSTed at the end of the transaction
» Transaction control uses
» If-Unmodified-Since for transaction start point
» If-Match validates ETags, detects conflicts
» The REST service uses normal SQL statements
» Pyrrho generates HTTP requests from these
» Wherever remote views are referenced
» Rewrites requests to reduce traffic (as in demo 3)

158 » During the RowSet review stage of processing

Pyrrho offers two styles of interaction over HTTP, one using URL-based discrete
operations, and another using POST to send a sequence of SQL statements to a
remote database.

In both cases any changes should be done as a branch transaction at the commit
point of the main transaction. But as we will see, we accumulate information about
the steps as we go (like read constraints in demo 2), using the HEAD verb to
anticipate the actual change. The information is exchanged using ETags, described
next.

The REST service is more natural for an SQL-based client, and the rewriting process
can take account of different SQL dialects, with metadata about the view identifying
the SQL agent providing the service.
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Pyrho's ETags

» ETags are defined in RFC7232
» "*"is an empty ETag
» Anything else is opaque
» Generated by the service provider
» Not understood by anyone else

» Pyrrho’s have form
Table_uid (', RowDefPos_uid ', FilePos_uid )+
» Gives a sequence of specific rows
» Defining position and latest position for each
» Or -1 for the whole table
154 » And the highwater-mark for the table

ETags are defined in RFC7232. "*" is an empty ETag, and anything else is opaque, that
is, it is generated by the service provider, and not understood by anyone else.

These slides show some simple examples of Pyrrho’s ETags. They have the form of a
comma-separated list of integers:.

It begins with Table_uid and this is followed by one or more pairs RowDefPos_uid,
FilePos_uid.

Thus an ETag can specify (a) a sequence of specific row occurrences, with the defining
position and latest position for each, or (b) -1 as a wildcard standing for all rows, and
the highwater-mark for the table
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Demo 4: REST Views

» For example

[create view W of (e int,f char,g char)
as get etag http://localhost:8180/A/A/D]

» We will see this is an updatable view!

» etag: use the RFC 7232 protocol
» We use Pyrrho's transactional REST service
» Start this up on the command line:
PyrrhoSvr -d:\DATA +s -H
» -H helps to monitor the HTTP traffic
155

In this demonstration we see how the framework
developed in this tutorial applies when the data is
remote.

In particular, we demonstrate an updatable RESTView
where Pyrrho is used for both server and client (over
HTTP, so could be remote).

[create view W of
(e int,f char, g
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char) as get etag
http://localhost:8
180/A/A/D]

We will see that
this 1s an
updatable view.
The etag metadata
flag tells Pyrrho
to use RFC 7232.

To switch on Pyrrho’s REST service, we add the +s flag. It
starts an HTTP server (on port 8180 by default).

The —H flag gets diagnostic information in the server
window showing HTTP requests and responses.
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Models Peer-to-Peer Banking

» Each bank has Roles for Tellers and Access
» Access role can make fransfers
» Each bank defines its own accounts
» Using the Teller Role
» And enforces serializable tfransactions
» Has updatable view for other banks
» Using the Access role
» Uses RFC 7232 to ensure ACID

» For the demo it is kept simple: 2 banks, 1
154 Server, 1 user identity; but still use Internet

We can think of it as a model of peer-to-peer banking, with roles defined for local
accounts and external transfers. Each bank is autonomous, and serializes transactions
on their own accounts in the ordinary database way. For remote accounts they use
ETags and RFC 7232 conditional requests. There could be dozens of banks, and many
users granted these roles.

Users would not actually execute individual SQL statements but use banking
applications that manage auditing, journaling, compliance etc.
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Uses Internet for Access

<

B Tellers C Tellers

Internet

B Accounts C Accounts

\ \ B
iew C C Access B Access 1ew

Each bank defines its own accounts, and creates a view of other banks. Views provide
only a subset of information (e.g. can validate an account number) and can enable
transfers of money in both directions. The diagram shows only a subset of the
functionality required of the banking application: just enough to demonstrate the use
of the ETag mechanism for transfers between local and remote accounts.
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Command Prompt - PyrrthoSvr -d:ADATA +5 -H —
DE7@ d » 0 d DA A
D o sta yste... » D
D e a a o a
5 el i i & . MName
& # i
his folder is empty.
=
DA
dor
Ppv < >
v| Oitems =
& _ N & - - ‘
P D ~ P DB /!
5

The scenario in this demo is a bank transfer between two banks.
This time the PyrrhoSvr needs to be started up with the command line shown:

PyrrhoSvr —d:\DATA +s —H
We check the database folder is empty and provide blue and green windows for the

two bank clients.
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FPyrhoCmd DB

w“alnsert 1n o AB values (160 1060) (110,1400)

HTTP s ..

create role DB

grant DB to "current username"

.create view RC .. as get .. 'http //../AC’

rrhoCmd DB PN C: \PyrrhoDB78\Pyrrho>
lJ.d int,bal int)
alues (10@,1000),(118,1400)
DB

1\Malcolm"
SQL> eat d int,bal int) as get etag
milli "htt ost:818@/DC/DC/AC’

SQL> o

To fit things on the slide we use short identifiers: AB for accounts in bank B, etc. We
create an accounts table with two accounts, id 100 with balance 1000, and id 110
with balance 1400.

To make this table accessible over the Internet at least
one role and user needs to be defined, so here we use
the current user on the device.

And we prepare a remote view for us to access the
remote accounts AC in bank C.

The metadata flags etag and milli tell Pyrrho to enforce
RFC 7232 conditional request protocol, but using

millisecond accuracy for the If-Unmodified-Since header.
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o PyrrhoCmd DC : _
Vit ey create table AC (3 d 1nt,bal int)

im ( e rrie et

P)'rrhaDB 1S protocol ] 1542 1nser‘t 1nt0 Ac Va].UES( o o )
Databa lder \DATA\ s =
HTTP service started on port &

create role DC

grant DC to "current user"

create view RB .. as get 'http..'

C:\PyrrhoDB7@\Pyrrho>PyrrhoCmd DB PN C: \PyrrhoDB7@\Pyrrho>PyrrhoCmd DC

SQL> create table AB (id int,bal int) SQL> create table AC (id int, bal int)

SQL> insert into AB values (100,1000),(110,1400) SQL> insert into AC values (200,2000),(220,1800)

2 records affected in DB 2 records affected in NC

SQL> create role DB SQL> create role DC *

SQL> grant DB to W\.COU 1\Malcolm" SQL> grant DC to "MALCOLM1\Malcolm"

SQL> create view RC of int,bal int) as get etag SQL> create view RB of (id int,bal int) as get etag m)
milli 'http: ’/localho;t 81806/DC/DC/AC' il1i 'http://localhost:8188/DB/DB/AB'

SQL> SQL>

Bank C has a similar set-up.

Database DC is the database for bank C. A user is defined who is authorised to
connect to role DC.

AC is the table of accounts in bank C, and the RESTView RB gives remote access to
accounts in bank B.

160



Bank B has accounts table AB ...,

/.9 alpha (11 May Z20Z21) www.DYyrrnodb.com NTTpsS://pyrrhodb.uws.ac.uk

Account 100 has balance 1000
Account 110 has balance 1400

Bank C has accounts table AC

LRGSR /\ c count 200 has balance 2000

C:\PyrrhoDB7@\Pyrrho>PyrrhoCmd DB
SQL> create table AB (id int,bal int) ElcAl\ cannba dalla AF 343 O

e e e G Account 220 has balance 1800

SQL> create role DB e
SQL> grant DB to "MA o SQL> grant DC to "MALCOLM1\Malcolm"
SQL> create view RC int,bal int) as get etag SQL> create view RB of (id int,bal int) as get etag m
milli 'http://localhost:8180/DC/DC/AC' il1li 'http://localhost:8180/DB/DB/AB'
SQL> table AB SQL> table AC
=== ==~ === 1----1
|10 |BAL |

[ === l==--|
|100| 1000 | |200| 2000 |
|110|1400| |220|1800|
===l | | |

Let’s show the current state of the accounts in the two banks.

In the next steps, bank B will try to transfer £50 to account 200 in bank C, while bank

C tries to transfer £30 from account 200 to an account in bank B.
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IC: \PyrrhoDB70\Pyrrho>PyrrhoSvr -d:\DATA +s -H
-d:\DATA +s -H Enter to start up <« v 4
Pyrrho DBMS (c) 2021 Malcolm Crowe and University of the West of Scotland
(11 May 2021) rhodb.com https://pyrrhodb.uws.ac.uk * N
S protocol on ::1:
folder \DATA\ =] oA
HTTP service started on port 8186

DA
dor

Pyiy <
2 items

« Syste.. > D,

Name

|]os
] DC

SQL> insert into AB values (100,1000),(110,1400) P C: \PyrrhoDB7@\Pyrrho>PyrrhoCmd DC

2 records affected in DB SQL> create table AC (id int, bal int)
[SQL> create role DB
SQL> grant DB to "I ted in DC

ISQL> create view R begin tl"ansaction e DC

milli 'http://locusicscioaces vnsons ne - gt wne we «0 "MALCOLM1\Malcolm"

| 200 2008 |
SQL> begin transaction |220|1808|
[SQL-T>update AB set bal=bal-5@ where id=100 |-
1 records in transaction DB h
SQL-T>g

162 1 records in transaction DB

Two overlapping transactions will conflict on account 200.

In this slide, bank B starts a transaction and takes £50 from account 100 to be

transferred. Nothing is written to disk yet.

The report on the update makes the point that the new record is in the transaction,

rather than the database.

SOL> insert into AC values (200,2000),(220,1800)

update AB set bal=bal-50 where id=100
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C:\PyrrhoDB7@\Pyrrho>PyrrhoSvr -d:\DATA +s -H
-d:\DATA +s -H Enter to start up & v A « Syste.. > D4
Pyrrho DBMS (c) 2021 Malcolm Crowe and University of the West of Scotland
7.0 alpha (11 May 2021) rrhodb.com https://pyrrhodb.uws.ac.uk ‘ A e
PyrrhoDBMS protocol on
Database folder \DATA\ <] DB
HTTP service started on port 8180 :
=) A 1 DC
DA
do
Pyiv <
v| 2items

B Command Prompt - PyrthoCmd DC
SQL> insert into AB values (100,1000),(110,1400) P2 records affected in DC

2 records affected in DB SQL> create role DC

SQL> create role DB SQL> grant DC to "MALCOLM1\Malcolm"

SQL> grant DB to "MALCOIMI\Malcalm" OIS rraata viay RB of (id int,bal int) as get etag m)

SQL> create view RC g 0 :alhost:8180/DB/DB/AB’
Sini neep:/10ce DEGAN transaction

SQL> table AB J===]=-=-- 1

e=all==ss 110 IBAL |

= update AC set bal=bal-30 where id=200

|100|1000|

|110|1400|

|===|-=--1| SQL> begin tiansaction
SQL> begin transaction SQL-T>update "NC set bal=bal-30 where id=200
SQL-T>update AB set bal=bal-50 where id=100 1 records in transaction DC
1 records in transaction DB SQL-T>,

SQL-T>

163

Someone in bank C starts a transaction around the same time and takes £30 from

account 200 for another transfer.
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AC/ID=200
Received If-Unmo ied-Since: Tue, 11 May 2021 ©8:55:18.682 GMT v 4 « Syste... > D4
Returning ETag ,108,108"
Recording ETag "23,108,108" PPN Name
--> 0K

http://localhost:8180/DC/DC select ID,BAL from AC where ID=200 1 pB

Returning ETag

ot s |ETAg: "23,108,108"

SQL> create role DB
SQL> grant DB to "MALCOLM1\Malcolm"
SQL> create view RC of (id int,bal int) as get etag SQL> grant DC to "MALCOLM1\Malcolm"
milli 'http://localhost:8180/DC/DC/AC' SQL> create view RB of (id int,bal int) as get etag m|
SQL> table AB illi 'http://localhost:8180/DB/DB/AB"
| | SQL> table AC

| |
|100|1000|
|11e|1400|
[---1----1 |220|1800|
SQL> begin ! ! !

«wree yndate RC set bal=bal+5@ where id=200

SQL-T>updalc ni >5ci vai-vaivou wici© iu-cvu 4 IELUIUS 411 L1 @USELLAUI UL
@ records in transaction DB .SQL-T>
SQL-T>,

1644 © records in transaction DB

Now the blue teller transfers the £50 to account 200 in bank C using the remote view
RC of their accounts. This is still in the transaction, and nothing has been committed.
However we see Internet activity as bank B checks that 200 is an account in bank C.
we suppose that the balance data will be withheld, because of the permissions, but
bank B does receive an ETag. The response on bank B indicates that the changes are
not for the local bank.

It is hoped that COUNT(*) can (always) be used instead of selecting columns to create
ETags: will become clearer during the next phase of implementation.
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HTTP HEAD /DB/DB/AB/ID=110
Received If-Unmodified-Since: Tue, 11 May 2021 ©8:55:30.345 GMT « Syste.. > D
Returning ETag

Recording ETag "

--> 0K

http://localhost:8180/DB/DB select ID,BAL from AB where ID=110
HTTP POST /DB/DB

select ID,BAL from AB where ID=110

Received If-Match: "

Received If-Unmodified-Since: Tue, 11 May 20821 ©8:55:
Returning ETag: 3,126,126"

--> 1 rows

Response ETag: 23,126,126 ETag " " 23, 126, 126“

Name

[ oe

SQL> create role DB grant DC to "MALCOLM1\Malcolm"

SQL> grant DB to “"MALCOLM1\Malcolm" SQL> create view RB of (id int,bal int) as get etag m|
SQL> create view RC of (id int,bal int) as get etag illi 'http://localhost:818@/DB/DB/AB"

milli 'http://localhost:8180/DC/DC/AC' table AC

SQL> table AB |
|10 |BAL |

ol update RB set bal=bal+30 where id=110

|110|1400| J===]====]
| SQL> begin transaction
SQL> begin transaction SQL-T>update AC set bal=bal-30 where id=200
SQL-T>update AB set bal=bal-50 where id=100 1 records in transaction DC
1 records in transaction DB SQL-T>update RB set bal=bal+3@ where id=110
SQL-T>update RC set bal=bal+5@ where id=200 @ records in transaction DC
@ records in transaction DB SQL-T>,,
SQL-T> v

165 @ records in transaction DC

The green teller also starts a transfer, of his £30 from account 200 to account 110,
and receives an ETag for remote account 110.

At this point both tellers are about to commit their transaction. The first to do so will
succeed, but no changes have been made yet.
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Response ETag: 23,126,1 HEAD

HTTP HEAD /DB/DB/AB

HTTP POST /DB/DB
update AB set BAL=1430 where ID=110

Received If-Match: "23,126,126"
Returning ETag:

ki (0] ¢

SQL> create role DB

SQL> grant DB to "MALCOLM1\Malcolm"

SQL> create view RC of (id int,bal int) as get etag
milli 'http://localhost:81806/DC/DC/AC'

SQL> begin transaction

SQL-T>update AB set bal=bal-5@ where id=10@
1 records in transaction DB

SQL-T>update RC set bal=bal+5@ where id=200
@ records in transaction DB

1 records affected in DC

Jiea=] |

|200|2000|

|220]|1800|

=== ]----]

SQL> begin transaction

SQL-T>update AC set bal=bal-3@ where id=200
1 records in transaction DC

SQL-T>update RB set bal=bal+3@ where id=11@
@ records in transaction DC

SQL-T>commit

;Qrscords affected in DC commit

The green teller gets there first, and commits their transaction.

The first step is a HEAD request to verify the ETag sent to the green database is still

valid. (It is.)

Then the update is POSTed to bank B, and on receiving OK from DB, the change is
committed to local account 200 in bank C.

This will invalidate the ETag previously sent to the blue client.

The response to the commit indicates that the change to local account 200 is now

recorded durably in the database.
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Received If-Match: "23,126,126"
Returning ETag: -1,126"

RoundTrip POST http://localhost:8180/DB/DB update AB set BAL=143@ where ID=

110

HTTP POST /DB/DB
update AB set BAL=143@ where ID=110

Received If-Match: "23,126,126"
Returning ETag:
--> 0K

HTTP HEAD /DC/DC/AC
Received If-Match: "23,108,108" HEAD

B8 Command Prompt - PyrrhoC

milli 'http://localhost:818@8/DC/DC/AC'
SQL> table AB

== |----]

|10 |BAL

===]-==-1

|1e@| 1608 |

|110|14e8|

===1-=--1

SQL> begin transaction

SQL-T>update AB set bal=bal-5@ where id=100
1 records in transaction DB

SQL-T>update RC set bal=bal+5@ where id=200
® records in transaction DB o
SQL-T>commit commit

ETag validation failure

ETag invalid

| 200| 2000 |
|220|1800|
Il

SQL> begin transaction

SQL-T>update AC set bal=bal-3@ where id=200
1 records in transaction DC

SQL-T>update RB set bal=bal+3@ where id=110
@ records in transaction DC

SQL-T>commit

1 records affected in DC

SQL>

ETag validation failure

Sure enough, when the blue client attempts to commit, and sends its change to bank
C, bank C reports that the ETag is invalid, and the transaction is aborted. The failure of
this HEAD roundtrip rolls back the blue transaction entirely.

In this case, if the green client committed first, the local update would fail and a
normal (non-ETag based) transaction conflict condition would be raised.
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Received If-Matc 3,126,126"
ing ETag: "23,-1,126"

POST http://localhost:8180/DB/DB update AB set BAL=1430 where ID=

/DB/DB
set BAL=1430 where ID=110

"23,126,126"

HTTP HEAD /DC/DC/A
Received If-Match:

SQL> begin transaction

SQL-T>update AB set bal=bal-5@ where id=100
1 records in transaction DB

SQL-T>update PC_cat hal-hal.iSa whara jd=200

3d : table AB

|100|1000|

}ua%mael 110 now 1430

py,v <

2items

SQL> begin transaction

SQL-T>update AC set bal=bal-3@ where id=200
1 records in transaction DC

SQL-T>update RB set bal=bal+3@ where id=110
@ records in transaction DC

SQL-T>commit

1 records affected i~ ™

table AC
Izae}lsml 200 now 1970

|220|1800|

The teller in bank B can verify that the transfer from account 100 has not occurred,
while bank C’s transaction transferring £30 has been committed in both databases.
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Demo 4 Extra; RowSet Review

» A view of alocal join with a remote view (it is updatable!)
» Database A:

create table D(e int primary key,f char,g char)
insert into D values (1, 'Joe','Soap'), (2, 'Betty’','Boop')
create role A; grant A to "MALCOLM1\Malcolm"

» Database B:

create view W of (e int, f char, g char) as get
etag milli 'http://localhost:8180/A/A/D'

create table H (e int primary key, k char, m int)

insert into H values (1, 'Cleaner',12500), (2, 'Manager',31400)

create view V as select * from W natural join H

169

As an extra demo, we will use Visual Studio to explore RowSet Review, using as an
example a viewed join of a local table with a remote view. This is part of the test23
suite in the Pyrrho V7 alpha distribution, where it is shown to be updatable.

The example is a simplified system of a company employee database that records job
titles and salaries, but where the employees’ names are stored in another database.
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File Edit View Git Project Build Debug Test Analyze Tools Extensions Window
Help

- TR - Q. @.inmd e & LiveShare &7

Watch1 = X ~ & Solution Explorer ~ 7 X

&d o-
Search Solution Explor P |
+3] Solution PyrrhoSur' |
4 ¢ (@) PyrrhoSvr
bt References
4 [ Common
b v co Blreecs
b ¢ ¢ Clreeccs
b v c* DataType.
b 7 c* Integer.cs
b v co Interfaces
b ¢ = Pymho.cs
b ¢ c= Row.cs
b ¢ ¢ TDocume
b v c® Treecs
4 [ Levell
b v ¢ Cryptes

b v c* |0Basecs
N s s TONChnan

1 Window dnckad:- Watch 1 * & Shared V' macter 2 B

170

We start as before with a debug session on Visual Studio where the command line
arguments are again —d:\DATA +s —H. The top row shows a command window for the
clients, the debugger’s server window, a glimpse of a file manager showing the empty
database folder.
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~

7

char,g char)
ap'), (2,'Betty’,'Boop’

Edit View Git Project Build Debug Test Analyze Tools Extensions Window

~ | b Continue -

P~ SearchDepth: 3~ | 4¥ @

Name Value

Add item to watch

We first create database A with the SQL statements on slide 169.

b
4

«

Name

A

Syste...

+[3] Solution ‘PyrrhoSvr' ~
4 ¢(&) PyrrhoSvr

30 References
Common

v Blree.cs

e Clreecs

7 c* DataType.

v
v
v
v
‘o

Integer.cs
Interfaces.
Pyrtho.cs
Row.cs
TDocume
Tree.cs

vell
Crypt.cs

10Base.cs
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Build Debug Test Analyze Tools Extensions Window

Sttt e | @ |& LiveShare

Solution Explorer § X
@ 8
arch Solution Exp 0 ~
lution 'PyrrhoS ~
PyrrhoSvr
" Reference:
Common
b v = Blreec
b v €= Clreec
b v c= Dataly
b €= Integer
b v c= Interfa:
b ¢ = Pyrrho
b €= Row.cs

s{o0) onsoubelq  suonedyRON

b v TDocur

b v c= Treecs
Levell

b v ce Cryptew

Output

Now create the database B using the statements on slide 169. We have also had table
"LogS$S“ from which we see that view V is at position 419.

Stop the server: we do this for reproducibility, as compiled object uids are different
during the session in which objects are created. Restart the server.
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T « Syste..
) Name
¥ 0o 1A
Hm 18
= Pic

B vid

PyrrhoSvr

Project Build Debug Test Anaslyze Tools [Extensions Window e, O

Continve ~ | g @ -5 0 m O

using System.Net;

Table.cs
TableColu
Transactio

using System.Text;
using Pyrrho.Common;
using Pyrrho.Level2;
using Pyrrho.Level3; Trigger.cs
=1// Pyrrho Database Engine by Malcolm Crowe at the University of the West of Scotland User.cs
(<) Malcolm Crowe, University of the West of Scotland 2004-2021 Value.cs
View.cs
re is without support and no liability for damage consequential to use. eld
ew and test this code, and use it subject for any purpose.
// You may incorporate any part of this code in other software if its origin
and authorship is suitably acknowledged.
All other use or distribution or the construction of any product incorporating
this technology requires a license from the University of the West of Scotland.

Activatior
Context.c
Group.cs
Join.cs
MergeRes
“inamespace Pyrrho.Leveld ParseClas: _

© No issues found

Find Context.cx in Level4 and double-click it. We are going to place breakpoints in the
Context.Review() method.
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A [l « Syste.. > D

4] Do A Name
4 0o A
b m 8
= Pic

B vid

Build Debug Test Analyze Tools Extensions Window arch... L PyrrhoSvr

Continue - | B [ @ .51 m ®

| % Pyrtho.Leveld.Context ©, Review(RowSet r, CTree<long, bool> ags, ¢ ~| %
r += RestRowsSets(b.value()); =
return r;
¢ €= ReadCons 4
7 ¢ Rolecs
ation.RowSets and just before o Bbice
he: 4 €= TableColu
we can,
ith its source. v/ st
v ¢ Trigger.cs
v € User.cs
internal void Review(R t r, CTree<long,bool> ags, ee<long, Typedvalue> matches, v € Valuecs
EToaeslipdaten bool> asg) v Viewes
¢ Leveld
;o (T T O NEtST0); vb != null; vb = vb.Mext()) e
var pa = vb.key(); v ¢ Context.c
var rr = data[pa); i Gropgics
var 8
var e
for te.rsTargets.
if (obsfc.kev)] is Vi
Iv 4

¢ € Join.cs
7 €= MergeRes
7 = ParseClas:

s n n-

Ch:23  SPC_ CRIF

© No issues found
#0" & Shared V' macter 2 B

The breakpoint for the start of Context.Review() is at line 717 in Context.cs.

174



A ]« Syste.. > DY

2 Do~  Name
4 0o 1A
Hme 8

= Pic

B vid

Project Build Debug Test Analyze Tools Extensions Window  seuch. © | Pymhosw

Continue + | B8 @ -5 m m © o -

~ | " Pyrrho.Leveld.Context ~| @, Review(RowSet r, CTree<long, bool> ags, ¢ ~ |4
ta +=(rp, 5); -
}
¢ €= ReadCons
for (var bedone £()sbtenull;beb. Next()) o e
{ var rs = data[b.key()]; v € Table.cs
rs = rs.Relocatel(this); ¢ € TableColu
data += (rs.defpos, rs); v ¢ Transactic
I v ¢ Triggercs
/7 problem: if one or more rowsets have been removed e Usercs
/7 so that two entries in cx.data point to the same thing ¢ €= Valuecs
/ we'd better Fix everything Vi
Fixa11(db. loadpos - 1); Leveld
// This is the right time to check on Needed uids in rowsets % ot
for (var b = data.First(); b != null; b = b.Next())
b.value().ComputeNeeds(this); ¥ ¢ Context.c
4 €= Group.cs
v ¢ Join.cs
7 €= MergeRes

internal void Fixall(long dp) v €= ParseClas:

ollowing View.Instance cascade or Review

© No issues found Ln:714  Ch:23  SPC_ CRLF

# 99" & Shared

The breakpoint at the end of the Context.Review() method is at line 843 of
Context.cs.
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p¢ File Edit View Gt Project
Help
o - =

Contextcs & X KN
@ Pyrhosvr - | % Pyrtho.Leveld.Context

called at the
Obeying Sqlinsert, Sq

end of CursorSpe
Update, and Sql0

E « Syste...
%] Do Name
¥ 0o A
b me 8
&= Pic

B vid

Search..0 | PymhoSvr o

(& Live Share

> & Solution Explorer
+| ©, Review(RowSet r, CTree<long, bool> ags, ¢ ~ |4
ation.RowSets and just before

e ¢ ¢ ReadCons +

We review the rowsets

ormation wherever we can

and then review each rowset to see if it can be replaced with its source.

¢ € Role.cs
v € Table.cs
¢ €= TableColu

internal void Review( r, CTreeclong,bool> ags, CT long, TypedValue> matches, v € Transactio

eecUpdatenssignment,bool> asg)

for (Jar vb = aggregators.First()} vb != null; vb = vb.Next())
{

pa = vb.key();
rr = datapal;

>.Empty;

)data[rr. source];

(var ¢ = te.rsTargets.Fi
if (obs[c.key()] is virt

t(); ¢ = null; ¢ = c.Next())
able vt

+ = Trigger.cs
v €= Usercs

¢ €= Value.cs
v € View.cs

Leveld

v €= Activatior
< ¢ Context.c
4 c= Group.cs
¥ € Join.cs

)
for (var rb = RestRowSets(c.value()).First(); rb != null; rb = rb.Next( v €= MergeRes

{

var or = rb.
AR

When we reopen database B, it is loaded into the server, and the compilation process

for the view calls Context.Review()

Ln: 717 Ch: 18

& 99

Click Continue twice to get the normal SQL> prompt.

v ¢ ParseCl

SPC_ CRLF

@ Shared V" master
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|PIndex
|PColumn3
|PColumn3

Record 366[216]: Manager, 289=31400
Transaction for sers-501

P Us,
P natural j

Edit  View

Context.cs + X RUCRal
) PyrrhoSvr

xA11(db.loadpos - 1);
T is the r t time check on ed u. in ro
for (var b = data.First(); b != null; b = b.Next())
b.value().Comp 5(this);

tance cascade or Revi

p = b.key();

np = obuids(p] ?? p;

nb = (08O Yb.value().Fix(this);

+= (np, nb);
v 4

We are going to select some items from V.

Ln: 843

A ]« Syste. >

Do ~

@ LiveShare &

~ & Solution Explorer ~ § X

g, bool> ags, ¢ ~ /% &8 -

& n Explor P~
v €= ReadCons
7 ¢* Role.cs

¢ € Table.cs

v ¢ TableColu

¢ ¢ Transactic

v = Trigger.s

v € Usercs

v € Value.cs

v € View.cs

Leveld

¢ €= Activatior

v ¢ Context.c

v €= Group.cs

¢ € Join.cs

7 € MergeRes
¢ ¢ ParseClas: _

Ch:9  SPC
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6
401|PTran
419|PView V 41

|
1
1
1
|
|
|
|
S
C
S

File Edit View Git
Help

©- )
Context.cs + X LRI
@ PyrthoSur

inte

{

Project

\P'ra act ’\Hel

View

Build Debug Test Anaryze Tools Extensions  Window

= | b Continue ~

e

¢ € Role.cs
v € Table.cs
v €= TableColu
ee<long,bool> ags, CTree<long,T ue> matches, ¢ € Transactic
(SelectRowset £7(28,51012) large\s =%12 Source: £14) = | v = Triggercs

v € User.cs
.

Yo" (var vb = aégreéators First() vb != null; vb = vb.Next()) ¢ €* Value.cs

var
var
var
var
for

@ No issues found

pa = vb.key();

rr = data[pa);

map = 8

te = (T X

(var ¢ = te.rsTargets

if (obs[c.key()] is v
for (var rb = Res

v e View.cs
Leveld
v € Activatior
v ¢ Context.c
v €= Group.cs
vt v ¢ Join.cs
Sets(c.value()).First(); rb != null; rb = rb.Next( €t MergeRes
v € ParseClas: _

)i ¢ != null; c = c.Next())

var or = rb.kev(): PR, R
“ »

» n:717  Ch:18  SPC CRLF
A2 £ 9  @ Shared 'V mastera Ba

The given select statement is select e,f,m from V where e=1.

(Note the position of e in this statement: it occurs at position 8, so and the equals
sign of the where condition is at position 28. We will see these numbers later.)
RowsSet Review for the select statement stops at the breakpoint we set.

We are going to review the given RowSet r and its sources using the Watch window. It

is a SelectRowSet.
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File Edit View Git Project Build Debug Test Analyze

Help
© - - ~ | P Continue ~

Context.cs Watch1 & X
Search Depth: 3

Name Value

Tools  Extensions  Window

Type

@ {SelectRowSet #7(¥8,#10,#12) targets: 23=%9,216= %12 Source: #14}  Pyrrho.Leveld.RowSe...

Add item to

We see the source is a rowSet #14 . To examine other rowSets we need to look at the

data BTree in Context.

SelectRowSet #7

Source #14

& Live Share

ReadCons ~
Role.cs
Table.cs
b v c= TableColu
b v c* Transactio
b v ¢ Trigger.cs
b v co Usercs
b v = Valuecs
b v = View.cs
Leveld
v € Activatior
7 € Context.c

Join.cs

»
3
b ¢ c* Groupics
»
12

MergeRes
ParseClas:
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|PColumn3
|PColumn3

Edit View Git Project Build Debug Test Anahze Tools Extensions Window

- | P Continue ~

SearchDepth: 3~ | 4T @

Value

{SelectRowSet 7(8,710,712) targets: 23=%9,216=%12 Source: 14}
{(246=IndexRowSet 246(223,265,289) Keys: (223,265,289),419=JoinRo...
Ox Ul

{Pyrtho.Common.Inner<long, Pyrrho.Leveld RowSet>}

0x00000002

0:02

{Pyriho.Common.Leaf<long, Pyrtho.Leveld.RowSet>}

S KeyValuePair<long, P\ u

{ G
{1435, Pyrrho.Common. Leaf 2[System.Int64, Pyrrho.Leveld RowSet]]}
{(6917529027641081863, Pyrrho.Common.Leaf 2[System.Int64,Pyrrhe
Ox 1

Begin to expand data. RowSet #14 will be near the middle. Expand node root.slots[1].

@i mO>r A @

v

% Do ~
$ 0o
»m
= Pic

B vid

2 [« syste.. > DY
Name

A
/8

Search..® | PymhoSvr

Type

Pyrrho.Leveld RowSe...
Pyrtho.Common BT...

long

Pyrtho.CommonBu...

int
byte

Pyrrho.Common.Bu...

. System.Collections.G

long

v €= ReadCons
v €= Rolecs

v ¢ Table.cs

¢ ¢ TableColu

v ¢ Transactio

v ¢ Trgger.cs

v Usercs

¢ ¢ Valuecs

v € View.cs

Leveld

v € Activatior
v ¢ Context.c

v € Group.cs

v € Join.cs

v c* MergeRes
v ¢ ParseClas: _

s en ne
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<] De
$ 00
M
= Pic

v BVvid

v

File  Edit Git Project Buld Debug Test Analze Tooks Extensions Window ..., O

PyrhoSr
Help

o - = P Continue ~ @ -

a

| Live Share

= ¥  Solution Explorer

SearchDepth: 3~ | 4T

Value Type
{Pyrtho.Common.Inner<long, Pyrrho.Leveld RowSet> ) Pyrho.Common.Bu...
0x00000002 int
002 byte
{Pyrtho.Common.Leaf<long, Pyrtho.Leveld.RowSet>} Pyrho.Common Bu
{System.Collections.Ge ir<long, Pyreho.C Bu... System.Collections.G...
{{435, Pyrho.Common Leaf 2(System.Int64, Pyrho.Leveld RowSet]]}  System.Collections.G...
{(6917529027641081363, Pyrrho.Common.Leaf 2[System.Int64,Pyrrho... System,Collections.G
0x6000000000000007 long
{Pyriho.Common.Leaf<long, Pyrtho.Level4.RowSet>} Pyrrho.Common Bu...
0x00000005 int
0x06

em. Collections. Generic KeyValuePair<long
{(437, JoinRowSet 437(@0,@1,02,@4,85|®3) matching (@0=(®3),.
{(450, SelectedRowSet 450(@3,@4,@3) targets: 2162450 Source: 246
5 - 3o

607523034234894, TableExpRowSet #14(28,10,212|%0,%1
{(57646075230 T TomROwSeT T TOE, BT 212,720, %1%13) ke
{(6917529027641081863, OrderedRowSet @7(@0,@1,@2) key (@0) or... System.Collections.
0x0000000000000006 long

Expand the node containing TableRowSet #14

G

& o~

Solution Explor 0 ~

v
v
v
v
v
v
v
v
v

€= ReadCons
= Rolecs

c* Table.cs

= TableColu
= Transactio
c= Trigger.cs
= User.cs

= Value.cs

= View.cs
Leveld

= Activatior
c* Context.c
= Group.cs
© Join.cs

= MergeRes
€ ParseClas: _

ru Do
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File Edit Format View Help
{SelectRowset #7(#8,#10,#12) targets: 23=%9,216=¥12 Source: #14}

file Edt View Git Project Buld Debug Test Analyze Tools Extensions Window <. O pymhoswr

~| b Continue -~ | W& | @ .51 m O & LiveShare 2

Search Depth: 3

OUrc Pyrrho.Leveld.RowSe.

indexRowSet 246(223,265,289) Keys: (223,265,289),419= JoinRo... Pyrho.Common.BTr...
0x0000000000000011 long
{Pyrtho.Common.Inner<long, Pyrrho Leveld RowSet>} Pyrrho.Common Bu...
0400000002 int
002 byte
{Pyrrho.Common.Leaf<long, Pyrrho.Leveld RowSet>} Pyrtho.Common.Bu.
{System.Collections.Generic.KeyValuePair<long, Pyrrho.Common.Bu... System.Collections.G. User.cs
({435, Pyrrho.Common.Leaf 2(System.Int64 Pyrrho.Leveld RowSet]]}  System.Collections.G... Value.cs
{(6917529027641081363, Pyrrho.Common Leaf 2(System.Int64,Pyrrho... System.Collections.G... View.cs
0x6000000000000007 long Leveld
{Pyriho.Common.Leaf<long, Pyrtho.Leveld.RowSet>} Pyrtho.Common.Buly Activatior
0x00000005 int Context.c
0x06 byte Group.cs
{System.Collections.G: g, Pyrrho LeveldRowsS... System.Collections.G... Joinics
{(437, JoinRowSet 437(@0,@1,@2,@4,@5|@3) matching (@0=(@3),.. ~System.Collections.G, MergeRes
{[450, SelectedRowSet 430(@3,@4,@3) targets: 2162450 Source: 246 S... System.Collections.G. ParseCl

TableColu
Transactio
Triggercs

as:
{[5764607523034234887, SelectRowSet #7(8,210,#12) targets: 23=%9... System.Collections.G, s
... System.Collections.G... »

Open a Notepad window. Scroll to the top and copy the value of r into the Notepad.
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1] *Untitled - Notepad

File Edit Format View Help
SelectRowSet #7(#8,#10,#12) targets: 23=%9,216=¥12 Source: #14

Y
TableExpRowSet #14(#8,#10,#12|%0,%1) key (¥8,#10) where (#28) matches (#8=1) targets: 23=¥9,216=¥12
ource: ¥10}

bleRowSet #14
Source: %10

File Edit View Git

Context.cs Watch1 =

Name
% EndPos
@ count

b @ gtr
4@ slots Ln2, Col 114 100%  Windows (CRLF)

» @ [0] {435, Pyrrho.Common. Leaf 2[System.Int64,Pyrrho Leveld RowSet]]]  System.Collections.G...
o {(6917529027641081263, Pyrrho.Common.Leaf 2(System.Int64, Pyrrho... System.Collections.G...
K Key 0x6000000000000007 long
4 o Value {Pyrtho.Common.Leaf<long, Pyrrho.Leveld RowSet> } Pyrtho.Common.Bu...
W EndPos 0x00000005 int
@ count 0x06 byte
& slots {System.Collections.G: g, Pyrrho.Leveld.RowsS... System.Collections.G...
» @ [0] {[437, JoinRowSet 437(@0,@1,02,@4,@5|@3) matching (@0=(@3),...
»@ (1] {[450, SelectedRowSet 450(@3,@4, @5) targets: 216=450 Source: 246 5.
» @ (2 {(5764607523034234887, SelectRowSet #7(#8,810,212) targets: 23:
4@ 3] {[5764607523034234894, TableExpRowSet #14(#8,#10,#12|%0,%1) key ... System.Collections.G...
5 Key 0x500000000000000e long
» o Value {TableExpRowSet #14(#8,210,212|%0,%1) key (#8,#10) where (£28) m... Pyrrho.Leveld.RowSe...
+ @ Non-Public me..

#10,#12 %0,%1/%13) ke System.Collections.G...

RowSet %10

s Sharad

Expand the node containing the TableRowSet #14 and copy its value into the
Notepad. We see its source is RowSet %10, which we can see in the next node below.

v Transactic
¢ Triggercs

v = Values
v € View.cs
Leveld
v €= Activatior
v c Context.c
7 ¢ Group.cs
¢ € Join.cs
4 C MergeRes
7 ¢ ParseClas:

o en Paceeeoe
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It is a JoinRowSet, with sources %18 and %15. These will both be in the gtr node of

the data tree.

D ”’-.’U File

Edit

View

b e
@[l
@ total

1 *Untitled - Notepad
File Edit Format View Help

{SelectRowSet #7(#8,#10,#12) targets: 23=%9,216=%12 Source: #14}

{TableExpRowSet #14(¥8,#10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23=%9,216=¥12

Source: ¥10}

{JoinRowSet ¥10(#8,#10,#12,%0,%1|%13) key (#8,#10,%0,%1,#12,%13) where (#28) matches (#8=1) matching

JoinRowSet

First:

%18

Second: %15

Ln 3, Col 207

100%  Windows (CRLF)

} (»s:l(xn),xn-(ns)) targets: 23=X9,216=¥12 JoinCond: (¥17) matching #8=¥13 ¥13=48 First: ¥18 Second:
%15)|

0x00000005
0x06

{System.Collections.Generi

g, Pyrrho.Leveld R

{(437, JoinRowSet 437(@0,@1,02,@4,05|®3) matching (@0=(@3),...
{(450, SelectedRowSet 450(@3,@4,@5) targets: 216=450 Source: 246 5.
{[5764607523034234887, SelectRowSet #7(8,#10,#12) targets: 23=%9.
{(5764607523034234804, TableExpRowSet #14(#8,#10,#12/%0,%1) key

{(5764607523034234899, JoinRowSet %10(28,#10,12,%0, %1|%13) key...
13

{JoinRowSet %10(8,210,212,%0,%1|%13) key (#8,210,%0,%1,%12,%1...

n-Public me...

{(6917529027641081863, OrderedRowSet @7(@0,@1,@2) key (@) or...
0x0000000000000006

» @ Non-Public members

@ total

0x0000000000000011

. System.Collections.G...

int
byte

System.Collections.G...
System.Collections.G.
System.Collections.G.
System.Collections.G.
System.Collections.G...
long
Pyrtho.Leveld.RowSe...

System.Collections.G...

Transactic
Trigger.cs
User.cs
Value.cs
View.cs
Leveld

v € Activatior

v ¢ Context.c
Group.cs
Join.cs
MergeRes

ParseClas:

Do

LN
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] *Untitled - Notepad

File Edit Format View Help
{SelectRowSet #7(#8,#10,#12) targets: 23=%9,216=X12 Source: #14,

}
{TableExpRowSet #14(#8,#10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23=%9,216=¥12

Source: ¥10}

{JoinRowSet X10(#8,#10,#12,%0,%1|%13) key (#8,#10,%0,%1,#12,%13) where (#28) matches (#8=1) matching
(#8=(%13),%13=(#8)) targets: 23=%9,216=¥12 JoinCond: (¥17) matching #8=¥13 X13=#8 First: ¥18 Second:
%15

Ln4, Col 77

orderedRowSet %18 [j Source: %9

100%  Windows (CRLF)

{Pyrho.Common Leaf<long, Pyrho Leveld Rowset> ]
000000006

007

{System.Collections.Generi ir<long, Pyrrho.Leveld.RowS...
{16917529027641081864, OrderedRowSet @8(@3,@4,@5) key (@3) or.
{(8070450532247928840, TableExpRowSet %8(28,210,%0,%1,212|%13).
{{8070450532247928241, RestRowSet %9(#8,#10,%0) key (#8,210,%0) .

{(8070450532247928842, JoinRowSet %10(<8,#10,%0,%1,#12|%13) key...
{(8070450532247928844, SelectedRowSet %12(%13,%1,#12) key (%13,...

{(8070450532247928847, OrderedRowSet %15(%13,%1,#12) key (%13).
{[8070450532247928850, OrderedRowSet %18(%2,#10,%0) key (#8) or...
0x7000000000000012

{OrderedRowSet %18(%8,#10,%0) key (#8) order (¥8) targets: 23=%9 ...

0x0000000000000007

Pyrho.CommonBu.. 1]
int

byte
System.Collections.G...
System.Collections.G.
System.Collections.G.
System.Collections.G.
System.Collections.G...
System.Collections.G...
System.Collections.G.
System.Collections.G...
long
Pyrho.Leveld.RowSe...

long

%18 is an OrderedRowSet, with source %9. Continue with %15.

Transactic
Trigger.cs
User.cs
Value.cs
View.cs

Leveld

v € Activatior

¢ ¢ Context.c

v ¢ Group.cs

v € Join.cs

v c* MergeRes

¢ ¢ ParseClas:
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File Edit Format View Help
{SelectRowSet #7(#8,#10,#12) targets: 23=%9,216=X12 Source: #14}
{TableExpRowSet #14(#8,%10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23-%9,216=¥12

OrderedRowSet %18 bbb ragt oo ot o A s Source: %9

W {OrderedRowset %18(#8,#10,%0) key (¥#8) order (#8) targets: 23=% 9
{OrderedRowset ¥15(%13,%1,#12) key (¥13) order (¥13) targets: 216s¥12 Source: ¥12}

OrderedRowSet %15 NG EE=d Source: %12
IBJ:} nol>t 2t e, @ Lveshwe 5P

Context.cs Watch1 = X ~ &  Solution Explorer X

Search (Ctrl+E) > SearchDepth: 3~ | ¥ [fg] coRd o-
Name Value Type “ [ search Solution Explor P ~
# Count 0x0000000000000011 long Y7 & Resdcond

4@ root {Pyrtho.Common.Inner<long, Pyrrho Leveld RowSet>} Pyrho.Common Bu...
 EndPos 000000002 int
002 byte
{Pyrho.Common.Leaf<long, Pyrrho.Leveld RowSet>} Pyrtho.Common.Bu..
00000006 i

b ¢ ¢ Rolecs
b v Table.cs
b ¢ ¢ TableColu
b v ¢ Transactic
07 b ¢ c= Trgger.cs

{System.Collection: ¥ b v c* User.cs
et RestRowSet %9 b v Value.cs
{(8070450532247924 b v View.cs
{(8070450532247928841, RestRowSet %9(#8,#10,%0) key (#8,#10,%0) ... System.Collections. Leveld
{(8070450532247928842, JoinRowSet %10(28,210,%0, %1,#12|%13) key... System.Collections. P v €= Activatior
{(8070450532247928844, SelectedRowSet %12(%13,%1,#12) key (%13,... System.Collections b 4 co Contextc
{(80704505322478 2ous e b e Group.ce

b ¢ ¢ Join.cs
loserenss O€1le@ctedRowSet %12 = < e
@ Non-Public members b ¢ ¢ ParseClas:
» @ (6] {(8070450532247928850, OrderedRowSet %18(#8,#10,%0) key (#8) or... System.Collections.G... Py
@ total O )7 long

It is time for a short cut here: %18 has source %9 which we can see is a RestRowSet,
and %15 has source %12, which is a SelectedRowSet. So let’s pick them up later, at
the end of the Review. Click Continue.
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File Edit Format View Help
{SelectRowset #7(#8,%10,#12) targets: 23=%9,216=¥12 Source: #14}

{TableExpRowSet #14(¥8,#10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23-%9,216=¥12
Source: ¥10}

{JoinRowSet ¥10(¥8,#10,#12,%0,%1|%13) key (#8,#10,%0,%1,#12,%13) where (#28) matches (#8=1) matching
(#8=(%13),%13=(#8)) targets: 23=%9,216=¥12 JoinCond: (¥17) matching #8=¥13 X13=#8 First: ¥18 Second:

B (OrderedRowset ¥18(#8,#10,%0) key (#8) order (#8) targets: 23=X9 Source: X9}
{OrderedRowset ¥15(¥13,%1,412) key (¥13) order (¥13) targets: 216s¥12 Source: ¥12}

Edt View Gt Project Buld Debug Test Analyze Tools Extensions Window  sech. O | Pymhoswr a

< | b Continue + | g | @ - | Live Share

~ &  Solution Explorer
*%, Pyrrho.Leveld.Context - | @, Review(RowsSet r, CTree<long, bool> ags, ¢ =/ &8 -
7S = rs.Relocatel(this); =
data += (rs.defpos, rs);

ch Solution Explor £
b + c* ReadCons ~
7/ problem: if one or more rowsets have been removed s
50 that two entries ir .data point to the same thi :
/1 30 that two entries in cx.data point to the same thing SoaR
// we'd better Fix everything 4 - Tl
FixAll(db.loadpos - 1); b:#/® TableColt
// This is the right time to check on Needed uids in rowsets
for (var b = data.First(); b te null; b = b.Next()) b ¢ c Trigger.cs
b.value().ComputeNeeds(this); b vt Usercs
b 7= Valuecs
7/ Following View.Instance cascade or Review b i Vi
Leveld
b v €= Activatior

b ¢ c* Transactic

internal void Fixall(long dp)

{
b ¢ c* Context.c

for (var b = obs.PositionAt(dp); b != null; b = b.Next())
b v c= Group.cs
var p = b.key(); b v € Join.cs
var np = obuids[p] 2? p; b ¢ c* MergeRes
var nb = (D b.value().Fix(this); b v c* ParseClas:
obs += (np, nb. - -
@ Noissues found g~ Ln:843  Ch:g  SPC  CRIF

N s rnone

This is the breakpoint at the end of Review. Return to the Watch window.
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File Edit Format View Help
{SelectRowSet #7(#8,#10,#12) targets: 23=X9,216=X12 Source: #14}
{TableExpRowSet #14(#8,#10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23=%9,216=¥12
Source: %10}
{JoinRowSet ¥10(#8,#10,#12,%0,%1|%13) key (#8,#10,%0,%1,#12,%13) where (#28) matches (#8=1) matching
(48=(¥13),%13=(#8)) targets: 23=¥9,216=¥12 JoinCond: (¥17) matching #8=¥13 ¥13=48 First: ¥18 Second:
%15}
{OrderedRowset ¥18(#8,#10,%0) key (#8) order (#8) targets: 23sX9 Source: X9}
B (OrderedRowset ¥15(%13,%1,#12) key (¥13) order (¥13) targets: 216s¥12 Source: ¥12}

Project Build Debug Test Analze Tools Extensions Window <..ch O pymhoswr o

=| b Continve + | ba |@ .5 1 m O | Live Share

Solution Explorer
@A o-
Type Search Solution Explor O
long >
{Pyrtho.Common.Inner<long, Pyrrho Leveld RowSet>) Pyrtho.CommonBu...
0x00000002 int
0x02 byte
{Pyriho.Common.Leaf<long, Pyrrho.Leveld RowSet>} Pyrho.Common Bu...
£ 0x00000006 DN int
007 byte
{System.Collections.Generic.KeyValuePair<long, Pyrrho.Leveld.Rows... System.Collections.G...
{(6917529027641081864, OrderedRowSet @8(@3,@4,®5) key (@3) or.. System.Collections.G... v € Valuecs
{[8070450532247928240, TableExpRowSet %3( %1,#12|%13)... System.Collections.G... < € Viewcs
{[8070450532247928841, RestRowSet %9(28,#10,%0) 10,%0) ... System.Collections.G, Leveld
{[807045053224792842, JoinRowSet %10(#8,210,%0,%1,12|%13) key... System.Collections.G. Activatior
{[807045053224732844, SelectedRowSet %12(%13,%1,#12) key (%13,... System.Collections.G. Context.c
{[8070450532247928247, SellectedRowSet %15(%13,%1,212) key (%13,... System.Collections.G... Group.cs
long Join.cs
rtho.Leveld, RowSe. MergeRes

7 = ReadCons
b v c* Rolecs
P v Table.cs
b c= TableColu
P v € Transactic
b v = Triggercs
b v Usercs
»
>

ParseClas:

@ (6] {(8070450532247928850, RestRowSet %18(%8,210,%0) key (* ),%0)... System.Collections.G...
total 0x0000000000000007 long

# @ & Shaed V' macter 2 B

Visual Studio reports changes to all of these RowSets. r will also be out of date, so
repeat the above extraction from the data tree, starting with the modified
SelectRowSet #7 (scroll down for it).
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| File Edit Format View Help
{SelectRowset #7(48,410,#12) targets: 23=X9,216=¥12 Source: #14}
{TableExpRowSet #14(#8,#10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23-%9,216=¥12
Source: ¥10}
M (JoinRowSet X10(#8,#10,#12,%0,%1|%13) key (#8,#10,%0,%1,#12,%13) where (#28) matches (#8=1) matching
| (#8=(%13),%13=(#8)) targets: 23:=%9,216=¥12 JoinCond: (¥17) matching #8=¥13 ¥13=#8 First: ¥18 Second:
%15}

{OrderedRowset ¥18(#8,#10,%0) key (#8) order (#8) targets: 23sX9 Source: ¥9}
f (OrderedRowsSet ¥15(%13,%1,#12) key (¥13) order (¥13) targets: 216s¥12 Source: ¥12}

File FEdt View Gt Project Buld Debug Test Analyze Tools Extensions WIndoW  secn © | pymhosw D
Help

‘o - | B Continue ~ | ¥a | @ . |2 Live Share

Context.cs Watch1 & X
Search (Ctrle P- SearchDepth: 3~ | 4 [Hg]
Name Value Type
» @ Non-Public members
» @ [6) {[8070450532247928850, RestRowSet %12(£8,210, (#8, ... System.Collections.G...
@ total 0x0000000000000007 fong
{Syste Collectis G i stem.Collecti G.
{(435, Pyrrho.Common.Leaf 2[System.Int64, Pynho LeveldRowSet]]}  System.Collections.G...
{(6917529027641081263, Pyrrho.Common.Leaf 2[System.Int64,Pyrrho... System.Collections.G... v/ Tansactio]
0x6000000000000007 long v ¢ Trigger.cs
{Pyrtho.Common.Leaf<long, Pyrrho.Leveld.RowSet>} Pyrtho.Common.Bu... v €= Usercs
int < € Value.cs
byte v € Viewcs
g, Pyrrho.LeveldRowS... System.Collections.G... Leveld
{1437, JoinRowSet 437(@0,@1,@2,84,@5|@3) matching (@0=(@3),... System.Collections.G.. v ¢ Activatior
{1450, SelectedRowet 450(@3, @4,@5) targets: 2162450 Source: 248 . System.Collections .. 4c Contextc
{[5764607523034234887, SelectRows: 210,212) targets: 23=%1... System.CollectionsG... v c= Group.cs
{[5764607523034234204, Tab\cEpro 14052 £10 £121%0 %1 ke Sustam Callactinne G
{{576460: [)" 07: 134234887, SelectRowSet #7| 0,712) targets: 23=% %615 Source: #1.
v
0x5000000000000013 long b ¢ c* ParseClas:
{JoinRowSet %10(28,%10,#12,%0,%1{%13) key (28,#10,%0,%1,#12.%1... Pyrtho.LeveldRowSe... R

v €= ReadCons |
¢ €= Role.cs

¢ € Table.cs

¢ ¢ TableColu

@ Shared V' master « B

We see the changed version: copy its value to the Notepad and continue with its
sources etc as we did before.

189



IS where (#28) matches(#8=1)

{SelectRowSet #7(48,#10,4#12) targets: 23=%9,216=X12 Source: #14}
{TableExpRowSet #14(#8,#10,#12|%0,%1) key (#8,#10) where (#28) matches (#8=1) targets: 23=%9,216=¥12
Source: ¥10}
i (JoinRowset x:o(ua,no,uu %0,%1|%13) key (48,#10,%0,%1,#12,%13) where (#28) matches (48=1) matching
X 9,216=%12 JoinCond: (¥17) matching #8=¥13 X13=#8 First: ¥18 Second:

{OrderedRowset X18(#8,%10,%0) key (#8) order #8) targets: 23sX9 Source: %9}
{OrderedRowset ¥15(%13,%1,#12) key (¥13) (¥13) targets: 216=¥12 Source: ¥12)

electRowSet #7(#8,% : targets: 23=%18,216=X15 Source: #14}

pg File Edit: View ableExpRowSet nu(n,ﬂa,nu[xo %1) key (#8,#10) where (#28) matches (#8=1) targets: 23=¥18,216=¥15

Help Source: ¥10}
{JoinRowSet ¥10(#8,¥10,%12,%0,%1|%¥13) key (¥8,410,%0,%1,#12,%13) where (¥28) matches (#8=1) matching
(#8=(%13),%13=(#8)) targets: 23=%18,216=%15 JoinCond: (¥17) matching #8=¥13 ¥13=#8 First: ¥18 Second:
%15}

{RestRowSet X18(#8,#10,%0) key (#8,#10,%0) matches (#8=1) targets: 23=X18 http://localhost:8180/A/A/D
RemoteCols: (66,100,122) RemoteGroups:}

{SelectedRowSet ¥15(%13,%1,#12) key (¥13,%1,#12) matches (¥13=1) targets: 216=¥15 Source: 246 SQMap:
(#12=X15[289],%1=¥15[265] ,X13=¥15[223]) }

b v Transactic
b c= Trigger.cs
b v co Usercs
b v c* Valuecs
System.Collections. b v c® View.cs
100000000000000F long Leveld
{SelectedRowSet %15(%13,%1,512) key (%13,%1,#12) matches (%13... Pyrrho.Leveld.RowSe... b v = Activatior
» @ Non-Public members b v c* Context.c
4@ (5] {[8070450532247928850, RestRowSet %18(8,#10,%0) key (£8,210,%0)... System.Collections.G... b v c= Group.cs
F Key 0x7000000000000012 long b v € Joincs
» J Value {RestRowSet %18(28,210,%0) key (38,210,%0) matches (28=1) target... Pyrho.LeveldRowSe...
» @ Non-Public mambag
@ total
4@ slots

b ¢ MergeRes
pees
hooem

We see that a number of rowsets that were there before have simply been removed:
there is no need for %9 or %12 and the OrderedRowSets %18 and %15 have been
replaced by RestRowSet %18 and SelectedRowSet %15.

Importantly, the where condition e=1 (where (#28) matches (#8=1)) has been
analysed.

The Review process has noticed that the where-condition collapses both sides of the
join to a single row, so that the orderedrowsets are not required.

And the RestRowSet now has the matches condition #8=1 which will be included in
the HttpRequest to the remote database.

Click Continue.

190



M File Edit View Git
Help

o -

Context.cs & X [LENSEET]
[€#] PyrrhoSvr -

@ No issues found

During the HttpService, our breakpoint gets hit again. Click Continue twice (before

the timeout!),

%, Pyrrho.Leveld.Context ~| ©, Review(RowSet r, CTree<long, bool> ags, ( ~ /==

}’:ecov‘d targets: 23=X9,216=¥12
ecord

ratches (#8=1) matching
3=48 First: ¥18 Second:

%12}

Project Build Debug Test Analyze Tooks Extensions Window .. 0 | Pymhoswr o

~| P Continue~ Fg (G- mO > ¢ 21 g~ (& Live Share
Watch 1

ed at the end of CursorSpecification.RowSets and just before
Sqlupdate, and SqlD g 4 €* ReadCons |
nf ion whereve ¢ €= Rolecs
it can be replaced with its source.  c® Table.cs
¢ ¢ TableColu
i ee<long,bool> ags, CTree<long,Typedvalue> matches, v € Transactio
dateAs ,bool> asg) ¢ ¢= Trigger.cs
v Usercs
Vb = aggregators.First(); vb != null; vb = vb.Next()) v ¢ Values
v = View.cs
pa = vb.key(); Leveld
rr = datafpa);
map = BTree<long, Sqlvalue>.Empty;
te = (T t)data[rr. source];
(var c = te.rsTargets.First(); ¢ != null; c = c.Next()) v € Group.cs
if (obs[c.key()] is VirtualTable vt v ¢ Joincs
for (var rb = RestRowsets(c.value()).Fi rb l= null; rb = rb.Next( v c2 MergeRes
{ v = ParseClas:
var or = rb.kev(): y s en D 4
< Ln: 717 Ch: 18 SPC  CRLF

#0000 A\ Chaad N mactar 2 B

v €= Activatior
4 c* Contextc

v
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File Edit View Git Project Build Debug
Help

i@ Continue ~ | B

Context.cs + X LEINEE Watch 1
& PyrrhoSvr | %, Pyrrho.Leveld.Context
533 EeI(Ehis);
(rs.defpos, rs);

*d by ix everything
xA11(db.1oadpos - 1);

where

ets: 23=%9,216=%12

es (#8=1) matching
First: ¥18 Second:

--> 1 rows

Analyze  Tools  Extensions  Window

@.nmd a-.

& LiveShare ¥

> & Solution Explorer

| @, Review(RowSet r, CTree<long, bool> ags, ¢ ~ %

ts have been removed
a point to the same thing

s the right time to check on Needed uids in rowsets
for (var b = data.First(); b != null; b = b.Next())
b.value().ComputeNeeds(this);

i
/ Following View.Instance cascade or Review

internal void Fixall(long dp)

for (var b = obs.Positionat(dp); b != null; b = b.Next())

{
var p = b.key();
var np = obuids(p] 2? p;

nb = (DBObject)b.value().Fix(this);

+= (np, nb);
@ No issues found S~ <

We get the results of course, but importantly we see that only one row was

requested from the remote database.

(More generally, aggregations can also result in only one row being returned.)

This concludes the demonstration of RowSet Review.

So P+
¢ € ReadCons =
v ¢* Rolecs
v € Table.cs
¢ €= TableColu
v © Transactic
¢ = Trigger.cs
¢ Usercs
v €= Valuecs
¢ € View.cs
Leveld
v €= Activatior
v ¢ Context.c
v €= Group.cs
¢ € Join.cs
7 € MergeRes
v e ParseClas:
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Current Status

» Updatable simple RESTViews are completed
» GET USING to be verified: uses JoinRowSets
» Transaction implementation using RFC 7232
» Combines SQL and HTTP, Data and Web services

» Next Steps in Pyrrho V7 experiment:
» Extend RowSet Review to aggregations, groups
» Verify Role-based security implementation
» Extend to Versioned Object API for Web apps
» Run the TPCC benchmark again

Pyrrho V7 is still at the alpha stage of development, and as this tutorial demonstrates,
has a working implementation of simple updatable RESTViews. Inserts and Deletes
have been implemented and tested. There is a more complex RESTView mechanism
that managed a set of views with similar properties, implemented as a join. This
implementation is still to be verified at the time of preparation of this tutorial, but it
should follow from the implementation of updatable joins.

Once this is done, the plan is to extend RowSet Review to aggregations and groups
with a more comprehensive set of tests. Next will come verification of the role-based
security implementation, and the versioned Web API.
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Conclusions

» The approach is practical and safe
» But the ideas are noft really new (1982, 2014,..)
» Recommendations for DBMS implementers:
» Use true serializable transactions
» Use shareable data structures

» Implement RowSets not Queries

» Never compromise consistency or isolation

Current conclusions from the work are that the approach is practical and safe, and
builds on ideas that have been around for a long time, though not in mainstream
DBMS implementation.

DBMS implementers should adopt some or all of the following recommendations:
serializable transactions, sharable data structures, rowSets not queries; but never
compromise consistency or isolation.
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Questionse

» Please send any questions or comments not
answered today

>
» | will be running some live Zoom sessions

after the conference

» (But ensure the Subject line of the email
mentions Pyrrho)

| welcome discussion, and will be happy to provide interactive sessions on request.
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Further reading

» Crowe, MK., Laux, F.: Reconsidering Optimistic
Algorithms for Relational DBMS, DBKDA 2020

» Crowe, M.K., Matalonga, S., Laiho, M.: StrongDBMS:
built from immutable components, DBKDA 2019

» Crowe, M K., Fyffe, C: Benchmarking StrongDBMS,

Keynote speech, DBKDA 2019

» The Pyrrho Manual, Sourcelntro, source code on
Github.com/MalcolmCrowe/ShareableDataStructures/PyrrhoV7alpha

» T. Krijnen, and G. L. T. Meertens, “Making B-Trees
work for B”. Amsterdam: Stichting Mathematisch
Centfrum, 1982, Technical Report IW 219/

» https://pyrrhodb/blogspot.com
» Esp: 2017 posts on adapter functions, RESTView
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